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Copies of individual papers presented are arranged alphabeti-
cally in the PAPER PRESENTATIONS secLion of the Proceedings, by
principal author. Papers which were presented as part of a panel
session are to be found in the PANEL DISCUSSIONS section of the
"Proceedings, which are alphabetical by chair. The Conference
Program at the front of the Proceedings, in conjunction with the
Author index, which follows, may be useful in locating a specific
paper of interest.

No attempt has been maae to 2dit papers. The views expressed
in them are those of their authors, and not necessarily those of
the organizations which thev represent, Correctness is the sole
responsibility of the authors.
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A Rumination On Wars Ahead

Remark- to the Military Testing Association
Washington, D.C.

26 October 1981

Lt. Gen. P. F. Gorman, U.S. Army

Slide 1

1 will be talking forecasting with you, but let me make it clear that

mine is not a Schweitzerian pred;ction of inevitable drift towards war, but

rather the sort of concern that all of us in the Pentagon have to direct

toward the future in order to do our job. Bob Schweitzer aside, I would

have you note that Nick "the Greek" Snyder quotes odds of ten to one that

there will be a war involving our forces within the coming decade. As the

present Secretary of Defense has stated, it is the business of his Department

to prepare for future wars. Wars and rumors of war are problems with which

we must seriously contend. Let me begin by reading you a quotation from the

Defense Guidance, which as some of you may know, is a document wherein the

Secretary of Defense instructs the memberF of his own staff and the Joint

Chiefs of Staff on how he wants them to prepare for the future. The tiffe

frame for planning in the current d:'aft Defense Guidance is the fiscal

years 1984 through 1988. Thereby you can see we are already conceptually

far into the future. I will quote from a section of the guidance which

deals with our using to advantage those elements of the American system

wherein we might be able to injoy some edge over the competition:

"An inherent advantage of our system is the ability to combine man-
agerial skills and technology to solve difficult problems. Getting
serious about competing wvith the Soviets will require that the U.S.
use its advantages to develop an overall strategy with several areas
of primary emphasis: (1) developing first-rate weapons and elimi-
nating some of the reliabilty problems we have recently experienced;

17
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(21 expanding tie competition into other areas where the Soviets
find it difficutt to co&Iete; (3) designing innovative forces and
operational tactics add procedures that act against the Soviet control
system and frustratL, disrupt, and defeat Soviet attempts to achieve
political/military objectives; and (4) developing cost imposing
strategies whose basic aim is to obsolesce past Soviet investments.t

Now, that guidance Is a tall order. The purpose of my dIscussion is to

present considerations which somtene in your line of work, as well as mine,

might bring to bear upon an attempt to comply, either from '84 to '88, or

in the years beyond. Let me start by laying out for you some of the trends

in warfare of which I am aware, and which you may want to take into

account.

Slide 2

First of all, the long sweeping line ascending froum the year 1860, the

time of our Civil War, to the 1990's in the upper right-hand side of the chart

traces the amount of area that a battalion--a group of 600-800 men--was ex-

pected to control given the firepower and mobility means available to them at

any given point in time. The fundamental reason for having military forces at

all is to control land and people, and the trends are all in the direction of

doing more militarily with fewer soldiers. As you can see, I have extrapolated,

like most futurists, control trends beyond the present. I would also call to

your attention that, like most futurists, I have Used a logarithmic scale on

the ordinate. The bars graph firepower, for which the measure of merit is the

pounds of projectiles that a division, a large assemblage of battalions, could

hurl at an enemy in the course of an hour, all guns firing maximum rate, for

each soldier engaged. You will note that the bar graph heights do not keep

pace with the extention of the area of control, and that lack of direct correla-

tion is a function of both the superior mobility means that we have made avail-

able to our land warfare organizations--large quantities of tracked vehicles,

18
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and helicopters, plus advanced communications--as well as the efficiency of

modern ordnance--one need iot project as much ordnance in terms of poundage for

greater lethality, given more efficient conventional munitions, and the

so-called "smart" weaponry in the force. Finally, on the slide, slashing

"down diagonally over thR trends just described, is a measure that I have

called "division dispersion." Here I have taken an amount of the forward edge

of the battle area (FEBA) that the division is responsible for in normal

disposition, and computed a measure of men per kilometer of FEBA. And as you

can see, those trends plunge linearly downward, and my projections suggest to

you that they will keep going down through the 1990's. What that line tells

you is that we have multiplied the ability of each soldier on the battlefield,

or that the den.sity of men on the battlefield will be going down, and going

down dramatically, continuing the trends that we have observed as technology

has been applied to battle in recent years. Each soldier in battle will count

for more toward accomplishing the basic mission of control of the earth's

surface.

Slide 3

I believe that it is possible, looking into the future, to conclude that,

almost certainly, a technolgically advanced combatant in future warfare will

be able to see all elements of an opposing forces in real time, and will have

at his disposal firepower means for reaching out to strike throughout the

depth of the opponent's war-waging apparatus from his theater forces all the

way back to his strategic reserves. Some naval officers have found it reason-

able to say, vis-a-vis naval warfare, that it will be difficult if not inpossible

to steam arournd the seas with forces centered on a large-decked carrier, with

protective rings of specialized air and submarine defense ships 3round that

carrier. Some air officers have found it possible to say that wc will have to
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find alternatives to the operation of air forces from large fixed airfields,

whereon aircralt are processed for high sortie generation rates on somethtNg

like an assembly line basis. I can assert for land warfare that the day will

soon be gone when massed formations of armored vehicles will be able to swarm

over the surface of the earth, trailing behind elaborate logistic tails.

Instead we are going to have to move toward something like udistributed

force,' meaning that in order to provide prutection we will have to disperse

more broadly and thoroughly than ever before, and thus confuse the enemy as to

which elements of the target array before them are particularly significant as

threat. Our tactical dispositions will have to confront our foe with a large

complex of target elements, each of which is potentially able to deliver

punishing firepower, and each element of which could be capable of developing

the intelligence requisite to the accurate delivery of that firepower.

Now, there are enormous impediments both technological and cultural to

achieving such a capability. Put I am convinced that that nation who is first

able to achieve the desiderata that I have sketched will exert an enormous

superiority over potential adversaries, and I suggest that the excerpt of the

Defense Guida-ce that I just read you is quite right: it would be important

for the United States, and any other nations of the free world who wish to

assist in the competition with the Soviet Union, to bend their efforts to

field first-rate weapons, and invent new tactics and techniques for using

them.

Slide 4

Here is a description of future land warfare which I have drawn from a

presentation made to the Secretary of Defense just this past summer by the

Defense Science Board, which as many of you may know is a group of prestigious

scientists who provide advice to the Secretary on problems of particular
21



significance. This summer he asked several DS8 Panels to look into the future

of warfare, and to advise him what technologies might be relevant to the

Department of Defense as it sought to implement the guidance that 1 read at

the outset of my remarks. Here you can see the notion of *distributed force"

in an athletic analog, a way of describing warfare which is always more

comfortable for Americans than most.

Slide 5

But such amorphous warfare will generate a series of new needs or require-

ments, of which the Defense Scierne Board cited these. In other words, these

needs are problems that technology has to solve in order for us to have the

capability to compete -r land warfare as just described. The red signals on

the right indicate needs which I submit are as much sociological as they are

technological, as much a demand for cultural evolution as they are matters

for advanced science and materials. And it is to the needs for cultural leaps

that I will eventually direct our attention here today.

But before I do so, let me quickly walk you through some of the techno-

logical responses to these needs that the DSB Panel cited for the Secretrary

of Defense.

Slide 6

In the first place, they pointed out the Urited States faces a very dif-

ficult choice, as indicated here: Shall we, as many advocate, settle for less

complicated, lzss technoligically advanced weapoA systems, systems of only

sufficient capability, and, since their price will be lower, thereby assure that

we can purchase more weapons? Or shall we rather take the course advocated by

the Defense Guidance and reach for excellence, knowir,• full well that, if we

do, we thereby expose ourselves to high expense, and concomitantly have
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to settle for relatively few of those weaper systems? All pertinent trends are

depressing:

Slide 7

Here is a slide used by Norman Augustine, Chairman of the Defense Science

Board. He calls it "Calvin Coolidge's Revenge" because President Coolidge,

when presented military budget for 1928, is reported to have said, 4nent an

item of some $25,000 for the purchase of a squadron of airplanes, "Why

can't we buy just one airplane and let the aviators take turns?" Mr. Augustine'

chart makes it evident that by the year 2054 the entire Defense Budget of the

United States will be able to purchase just one airplane, so we will have to

let the Navy use it 3-1/2 days each week and the Air Force the remainder.

And, of course, by the year 2100, it predicts that the entire gross national

product of the United States will buy just one airplane, and we will have

unification of the services at last.

Slide 8

Not only are cost trends up, but as the systems become more expensive, the

trends are to buy fewer of them: whether it's carriers of the NIMIT7 class,

down on the bottom right, the AWACS, or various advanced air defense systems,

the more expensive the system is, the fewer that you will see in inventory.

Hence, we are indeed very much in a numbers quandry.

Slide 9

Moreover, as the complexity and costs of systems increase, reliability

seems to decrease. Here is a plot Mr. Augustine has put together comparing

costs of various items of recent aviation electronic equipment to hours

between failure. This chart, he says, illustrates that if you are willing to

pay enough for a given avionic apparatus, you can guarantee that it won't work

at all. 22
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However, this summer the Defense Science Board, after examining just such

trends and propositions, came to this rather opposite conclusion. Why?

Slide 11

Well, among other things they looked at pairings of advanced systems with

older counterparts. For example, here the F-14 and the F-4J, a Naval fiohter

new and old; Patriot and Improved Hawk, SAM air defense systems new and old;

the F-15 and F-4E, Air Force fighter aircraft, new and old; and the M-1 and

M-60 A3, Army tanks, new and old. The values on the ordinate express effec-

tiveness in terms of ratio of kill potential, new to old (you'll just have to

take the DSB Panel's word that these are reduced some kind of common base for

comparison). And on the abscissa is plotted the ratio of acquisition costs,

new to old. The parity line represents the break even point, system for

system. As you can see, the very much increased effectiveness of the new

systems drives all of these pairings well up into a win area of much better

than parity: 3, 4, 6 to 1.

S ide. 12

The same thing is true in terms of support costs, which get at the issue

of keeping systems available or ready for use in the force. Support costs

include the costs of parts, training the operator and the maintainers to keep

the system operating, and the costs of requisite basing. Again, the picture

here is favorable for the new systems. So it is possible, according to the DSB,

to build into new systems both high availability rates and very high effective-

ness, and thereby to compensate for reduced numbers of systems. In fact, as

you can see, with effectiveness ratios of 5 to I or so over systems they are

replacinn, one can operate with significantly fewer elements in the force.
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Slide 13

Indeed, one DSB panel made for the Secretary of Defense this kind of a case

for high performance or high technology systems. We might buy twice as many

"half-performance systems," but the panel noted that the Soviets are building a

very large, very high performance force, against which a smaller lower perfor-

mance force would do very badly. Half-performance systems could not defeat

Soviet systems built on advanced technology, such as we see in their tanks or

in their titanium hull submarine. Moreover, high performance systems give us

for the first time the ability to operate at night, in adverse weather, and

under the elictronic warfare conditions which will be typical of the future.

Moreover, we can get more "sorties" out of such equipment than has been pos-

sible in the past. (Incidentally, for those of you who have been following

the dialogue in Congress over whether some particular fighter aircraft is

better than the one it is replacing, should note that very frequently critics

of our latest airplanes will contend that the sortie rate of the new is below

that of a plane we had in World War II or Korea. You have to remember that

sortie rates for the present peacetime force are programmed by flying hours

and parts, and we don't fly these airplanes more often because we didn't have

funds to do so. But our new fighters, in tests under field maneuver conditions

in Europe and elsewhere, have demonstrated a capability to produce sortie rates

two and three times what we have had in wars past.) Perhaps more importantly,

to accept lower performance systems would be simply to accept higher, avoidable

U.S. casualties. And if we went the low-performance route, we would need to

increase our intake of military manpower overall not only to compensate for

losses, but to operate the increased numbers of systems in the force. True,

these could conceivably be less demanding systems in terms of skill requirements.
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But higher numbers of systems would increase our already high support costs,

and--the point needs to be made again and again--human costs, manpower costs,

will dominate the life cycle cost of virtually every system that the Department

of Defense presently has under procurement or under research and development.

And then finally, of course, maintenance support for larger numbers of systems

in the force would increase the strain on a force which is already stressed in

providing for its large logistic tail, its training base, Its management, housing

for dependents, personnel services, and headquarters overhead. The last line on

the slide, basing, makes the additional point that whether you are talking about

aircraft carrier decks, or airfields, or tank parks, we today have a constrained

basing system for the American armed forces; putting a lot more systems into the

field could create problems of basing for us.

Slide 14

Well, what high techology should we reach for to acquire high performance

systems, pursuant to the Defense Guidance? Here is a list of technologies

which the Defense Science Board believes co.:'.d make an order of magnitude dif-

ference in our capability to meet the exegencies of future warfare. What you are

looking at are results of a Delphi technique, in which the panelists assigned

measures the merit to various technologies in order to assess relative opportunity

and relative risks, from which they derived the numerical rating on the right, a

function of both opportunity and risk.

I am going to talk about a number of these particular technologies in a

moment, but note that overall the Defense Science Board commended some 17

technologies to the Secretary. I have deliberately avoided having to discuss

some of the more arcane--such as "high density monolithic focal plan arrays"--in

order to focus on some of the technologies which I find, interestingly enough, are

both at the top of the list and prominent for their sociological or cultural

dimensions.
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Slide 15

For example, this one. On the right you see the investment posture in

the Defense Research and Development budget at the moment, and elsewhere on

the slide, an indication of what Defense might do by way of applications: what

kinds of opportunities the technology could provide. I would have you note

that the Defense Science Board panel identified computer software as the highest

risk undertaking among all Defense development undertakings.

Slide 16

This chart, rather startling to some, indicates the problem that we face

unless we are able to find ways of producing computer software more efficiently

than we have in the past. Without some technological intervention, we simply are

not going to be able to exploit the promise of smaller, smarter processors. The

United States is facing very severe shortages of system analysts, computer scienti

and programmers. The research into advanced software methods tu which I just

alluded, does not hold out promise for relief for many years, but it is hopeful,

and we should pursue it.

Slide 17

And then you have a possibility of improving the inherent capability of

materiel with respect to its availability or reliability in the field. In

commending this particular technology to the Secretary of Defense, the Defense

Science Board stated as follows:

"Reliability standards must be raised significantly--the technology
to support such increases is available--the adherence to these
standards the first time around is the most economical approach in
the long run. Front-end costs will be higher....Times and funds
must be programmed in the development cycle to accommodate necessary
redesign iterations after test and before Initial Operating Capabil-
ity for critical reliability, maintainability and producibility
problems (as well as performance problems)."
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Slide 18

And then, lastly, for the moment at least, this particular technology.

A number of recent publications have made it evident that by the end of the

decade of the 1980's there will be available machines, computers or processors,

which will be comparable in size and in weight to the human brain, and will

have comparable requirements for input and energy, and which will have quite

comparable capabilities for output. Now what that means for the weapon system

developer is obvious.

Slide 19

Here is a technology which was not cited by the DSB, but one I picked to

highlight further the human dimension of the problem. This is a mechanism for

propelling a projectile using electro-motive vice chemical energy, exploiting

the so called Lorentz force. By the end of this calendar year, 1981, in the

Westinghouse R&D Center at Pittsburgh, Pennsylvania, the Defense Advanced Research

Projects Agency and the Amy's Development and Readiness Command hopes to have

operational a laboratory device which will be able to propel a 300-gram mass to a

speed of 3 kilometers per second, yielding a muzzle energy on the order of 1.35

negajoules. In effect, this laboratory device will shoot a bullet about 3 times

faster than present rifles or tank guns, and opens a whole new realm of physical

possibilities with respect to antiaircraft guns, tank guns, and that sort of

thing--Tom Swift's Electric Gun at last. Such weapons, if they ever become

practical, will also propel us into a whole new realm of difficulties with that

most intransigent, stultified, subculture within military sociology, the

artillery.

Slide 20

In 1977 when I took command of the 8th Division in Germany, I found this

state of affairs in my division artillery. I found that my artillerymen adhered
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to their manpower-intensive ways of doing business as assiduously as their

forefathers had clung to horsepower. Application of high school physics--levers

and pulleys, inclined planes--could have bettered the situation, let alone

buying materiel handling equipment, or looking to robotics to solve the problem.

Let me read to you from a recent Army War College pamphlet on the Army in the

year 2000.

"In considering technology the Army must look introspectively at its
ability to use advanced technology and its past performance in this
area. For over 20 years there has been the technological capability
to have a Howitzer that could be electronically laid (directed),
fuzes automatically set, rounds automatically rammed, muzzle velocity
(for future corrections) electronically measured and firing data
electronically computed from an electronic sensing. The actual
condition is that there are many artillery commanders taking great
pride in the fact that they never fire their Howitzers using only
the FADAC (a very old computer which is dependent on mobile genera-
tors usually in short supply). These commanders insist on checking
the FADAC by manual means or they check the manual using the FADAC.
One could imagine the confusion resulting from the introduction of
the modern artillery systems which we should have."

I can attest to that. I sent back from Germany a young officer to the Army

M'A*eriel Systems Analysis Agency where, working with ballistic experts, he

dev(loped a chip for a Texas Instruments programmable hand-held calculator

incor,:orating the firing tables for our medium howitzers. The device proved

bo'th reliable and quick. But I can vividly recall walking into a fire direction

center of a battalion firing at Grafenwohr to find three tiers of firing data

calculators in operation. On tier one of a football-bleacher like set-up there

were three plotters producing data for the guns using the graphic techniques

that had been used in World War I and World War 11. On tier two were not one

but two FADAC operators checking the graphic data. And in the back at the top

of the pyramid was a lad with the Texas Instrument device, invariably producing

his data faster and as accurately as anybody else, but whose data would not be

independently accepted by any self-respecting fire control officer, you may rest

assured.
28



What I am suggesting is that a technology like electric guns, which could

eliminate chemical energy as a way of propelling projectiles, could also

eliminate an enormous amount of that manpower intensive logistic tail to wnich

I alluded at the outset, and may make it possible for us to have a genuinely

distributed force. In future wars we will have to dispense with specialization.

I do not believe that it will be possible to maintain through the 1990's an arm

dedicated, as we now dedicate the artillery, exclusively to the delivery of

indirect firepower. I think all elements of the force are going to have to

be capable of contributing to both direct and indirect firepower, to anti-

aircraft and~anti tank defenses, and to reconnaissance. Hence, our present

specialized, manpower-intensive artillery has got to yield place to nmulti-purpose

weapons systems.

Slide 21

This is a cartoon suggesting such a future weapon, by William Coulter of

the Washington Post. It is not, I assure you, genuinely classified. It

depicts a device which I admire if only because it operates by ingesting its

own technical documentation. I believe, as the data I am about to show will

illustrate, that such a feature in a weapon may be the only hope for the Army

of the future. But I want to use this slide to make a more serious point about

the dilemma that we face: here the artist caricatures one of those omnipotent

machines we might have to develop. I would .ay that the principal obstacle to

our fielding to such a machine is the fellow portrayed sitting on the seat

there on the left: the commander, operator, maintainer of the device. Here

again, a quotation from a Defense Science Board report to the Secretary this

summer:

"The division of tasks between the man and the machine becomes in-
creasingly critical in two dimensions. First, there is the problem
of personnel skill potential (quality). Average reading levels and
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aptitudes come into play. Secondly, there is the complexity issue.
To the extent that complexity can be engineered away from the man-
machine interface so much the better, if it can be afforded, and if
it is not translated into insoluable problems somewhere back in their
maintenance sequence. More human research and man-machine technol-
ogy development is required. The current problems with Built-In Test
Equipment (BITE) illustrate the doubtful state of the art. The divi-
sion of maintenance tasks between the diagnostic equipment and the
mechanic or repairman has been tilted too far toward the machine and
they have generally failed to live up to their advanced billing. In
the meanwhile, the people people must interact realistically with
the engineers at the outset. This is an art not yet fully developed.
Testing at the man-machine interface must be conducted and room for
corrective design interactions provided in the development program."

Slide 22

I would be remiss if I did not immediately, of course, acknowledge, that

in addition to the issue of the quality of the men manning weapon systems, we

have a quantity problem in this country. The Soviet Union faces a similar

quantity problem, and so too, I believe, do most developed countries.

Slide 23

But we also have a quality problem, and it may be societal in scope, as

illustrated by the decline in Scholastic Aptitude Test results nationwide.

Slide 24

But even more disturbingly, recognizing that we are in a serious compe-

tition with the USSR, our high school graduates, compared with Soviet high

school graduates of the past decade, have had far less disciplining in mathe-

matics, science and other technologically supportive subjects in the course of

their schooling.

Sl ide 25

I quote here from Dr. Isaak Wirzup, Professor of Mathematics at the

University of Chicago, and Director of the East European Survey of Mathematical

"Literature for the National Science Fe.-,ndation, and also the NSF's Director of
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nical documentation per tank, and now fielding over 40,000 pages per tank. It

is easy to imagine what that means in terms of complexity for the mechanic who

has to be able to find his path into his technical documentation for fault

isolation, repair, replacement, etc. What such a comDlication does in terms of

slowing the rate of repair, and the reliability of the repair is predictable,

and the predictable is happening already in some of our current higher-technology

weapons systems.

Slide 29

Here is a flow diagram showing the maintenance process for the anti-aircraft

missile, the' Improved Hawk. Up at the top you see the Hawk unit's own mainten-

ance, and across the bottom the direct support maintenance performed exogenous

to the Hawk unit. The highlighted figures suggest that of parts that were

sent from the unit back to the direct support level for repair, 40% when examined

were found to be faultless; that is to say, almost half the time the Hawk unit

removed parts from the weapons system and sent them away to the direct support

maintenance unit on a totally unnecessary trip. Moreover, you can see over on

the left, when the parts came out of the direct support maintenance unit and

were returned to the Hawk unit, 30% of the time they didn't check out when

actually refitted to the system. And up at the top, the box in the center

suggests that these mishaps are a function of inaccurate trouble shooting, of

inadequacies in the built-in test equipment, and of personnel deficiencies in

training, quantity or experience.

Slide 30

These data were compared with the I-Hawk experience of the Bundeswehr, at

least with respect to the no-evidence-of-failure rate. There was a dramatic

difference of over 20 times less ma.diagnosis.
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its program on Soviet Applications of Computers to Management. In a letter to

the National Science Foundation, Dr. Wirzup said this:

"The Soviet Union's tremendous investment in human resources,

unprecedented achievements in the education of the general popula-
tion, and immense manpower pool in science and technology will have
an immeasurable impact on that country's scientific, industrial and
military strength. It is my considered opinion that the recent
Soviet educational mobilization, although not as spectacular as the
launching of the first Sputnik, poses a formidable challenge to the
national security of the United States, one that is far more threat-
ening than any in the past and one that will be much more difficult
to meet.0

Slide 26

I think you are familiar with these data, Regardless of what you may

think of their precision, the trends are plain. The population recruited into

the Army recently was different qualitatively from the population that was

inducted or recruited in the wanning years of conscription in the United States.

This is not to say that the Army cannot work successfully with a large median

population. However, it is evident that the Army encounters significant

difficulties when attempting to assign masses of such individuals to high

technology weapor, systems. I am not talking about future difficulties; I am

talking about problems that are here and with us today. Reference was made

earlier to reading ability.

Slide 27

This is what is happening to technical documentation vis-a-vis airplanes.

As you can see, the Navy's F-14 fighter is going into the fleet accompanied by

some 300,000 pages of technical documentation.

Slide 28

And it is not just airplanes, but tanks: here you can see the Army's

starting early in Worla War II with something less than 1,000 pages of tech-
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Slide 31

As you might expect, if an armed force is willing for a technologically

advanced system such as the Improved Hawk, to invest individuals with 8-year

terms of service, who are all high school graduates, and who have other advan-

tages over what the U.S. Army has been working with on the left, the performance

of the weapon system is almost invariably going to look better.

Slide 32

Now, it isn't that we are picking less apt soldiers to man the Improved

Hawk as a system. These are Electronic Aptitude scores. As you can see,

compared with' the total force, the I-Hawk system is getting a pretty good cut

of the soldiers of higher electronic aptitude3. And, of course, the I-Hawk is

but one of many systems that have a demand for soldiers with these high scores.

Part of our problem is that the tests which produced these scores are normative.

Part of our problem is that even high scoring soldiers may not be up to the

maintenance task to which we have put them. Part of our problem is exactly

that the weapon system may be too smart, and we need to engineer it some more

in order to drive its maintenance back into routines with which we know the

soldiers we have can cope. These are all very, very intractable problems, to

handle which the Army of the future, or the Air Force of the future, or the

Navy of the future, are going to need the skills of you psychometricians far

m~ore then ever in the past.

Slide 33

What to 0d? I advocate a manpower strategy for the Armed Forces, in

complying with the guidance of the Secretary of Defense, which would operate on

all three phases or learning regimes of the soldier, sailor or airman.

In the past, of course, the services have focused resources on the center phase,

-13i



labeled here the school, and they will have to keep doing so. They have sort

of left it to hope, to chance or to high enlistment bonuses that the Phase 0

product would pan out fcr them: not a sound approach, given what is happening

in SAT scores. We are going to have to do something about finding individuals

in Phase 0 who are fit to become stellar performers both in Phase I and Phase

II. But it is equally important to devise a plan for Phase Il--On the Job. It

has been the custom of the Services of the United States to let Phase 11, the

on-the-job phase, take care of itself, relegating what may be the most important

adult educational experience to first-line supervisors largely ill-trained for

teaching, and unaware of their responsibility for same. I suggest to you that

we can no longer depend upon such hit-or-miss methods if we are going to modernize

the force, to bring in large numbers of very technologically advanced weapon

systems. I hold that we must launch now a concerted campaign to intervene

systematically in Phase I, the on-the-job training phase of development for the

soldier, sailor or airman, both to assure functional mastery, and to provide an

ability in the force to handle the influx of newer technologies that will pour

out of on-going research and development programs.

Slide 34

is there a technological intervention appropriate here? Yes, you may

recall Number 4 from the list of 17 DSB commended technologies, this one. One

last time I quote, if I may, from a Defense Science Board report:

"It should also be the policy of DOD that support will be provided
for these high performance systems at a level which will meet
peacetime operating and training requirements and which also will
provide the base for surging to wartime utilization and sustainment
rates. In wartime intense combat periods, and during peacetime
'surge tria~s' it will be the objective to move actual field avail-
ability -o close to Ai, intrinsic availability. Specific
support program goals should be established at the beginning of
development .nd managed thereafter with the same priority attention
and intensity normally accorued to performance. Trainirg support
goals should relate to higher standards based on advanced training



technology nov+ becoming available. Advanced job-aids should be
designed fcr .imultaneous use in training and on the job. Soon it
will be impossille to maintain this kind of technical documentation
by conventional generation, distribution, and substitution of paper
drawings and tex. Digital communication, storage, and displey of
changes will re required. This whole area should be promoted during
the acquisition cycle not only by R&D community, but by personnel
specialists and commanders .

4ow ladies and gentlemen, itis not clear at this time whether the strat-

egy advocated in the Defense Guidance will enhance the national security of the

United States. Both its technological and sociological feasibility are seriously

in doubt. The manpower policy challenges posed by that strategy are enormous in

their implications. The branchings in the paths ahead are altogether too

numerous for' easy mapping or classification. It seems crystal clear, however,

that most of them involve choices that could more confidently be made were we to

have much better information about our manpower than is presently available

to commanders and managers In the Department of Defense.' Hence, 1 appeal to

you, individually and collectively, to lend us a hand with your skills. Upon

your response, the very security of the nation may rest.
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Adams, Jerome, MAJ, United States Military Academy, West Point, New York &
Hicks, Jack M., US Army Research Institute for the Behavioral and
Social Sciences, Alexandria, Virginia. (Tues. P.M.)

Performance of Male and Female Cadets during Cadet Field Training

All female cadets (N - 86) and a random sample of male cadets
(N - 49) in the Class of 1982 were compared in terms of the performance
ratings they received at Cadet Field Training (CFT). Statistically
significant results from multivariate analysis of variance indicated
that male cadets were evaluated more favorably than were female cadets.
However, the magnitude of these gender differences was nail. Other
"effects indicated that: (1) regular Army officers rated cadets less
favorably than did more senior cadets; (2) male raters did not differ
from female raters in how they rated cadets at CFT; (3) cadets in the
squad member role were rated lower than cadets in leadership or admin-
istrative roles; and (4) the difference between ratings of male and
female cadets was less in the squad member role than in either leader

V3 or administrator roles. A sex role stereotype interpretation was00• suggested for the gender effect shown with the CFT rating form.
Possible directions for change in the rating form were proposed. Some

C-. cautions regarding source and context effects were suggested for Acad-
emy personnel taking action on the basis of CPT performance ratingsý.
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Leaders hip Performance Appraisal Rat ings
During Cadet Field Training

Jerome Adams Jack M. Hicks
Associate Professor Senior Research Psychologist
Science Research Lab, USMA% Army Research Institute
West Point, NY 10996 Alexandria, VA 22333

This paper describes the results o'f analyses comparing the
performance appraisal ratings given to male and female cadets during
various phases of Cadet Field Training (CFT). CFT takes place at Camp
Buckner, a special military field training facility located on the
grounds of the United States Military Academy. CFT is scheduled for a
seven week period during the summer following completion of the
freshman year at the Academy. During this period, the cadets are
introduced to an orientation into the combat arms and combat support
branches of the Army, e.g. armor, field artillery, infantry,
engineering, signal, air defense artillery, etc. Consistent with the
physically demanding nature of being in the combat and combat support
branches, the CFT training regimen is very demanding in terms of the
level of physical effort and endurance involved. Long marches, daily
runs and calisthenics, manual madipulation of heavy construction
materials, long hours in hot armored vehicles, eating meals in the
field including field rations, and too little sleep are just some of
the physical rigors which characterized CFT at the time- of this study
in 1979.

"One important goal of CFT is to develop the leadership skills of
the participating cadets. In line with this goal, cadets are assigned
to temporary leadership during the course of training. For example, a
cadet may serve as squad leader or as a section chief or platoon
sergeant for a temporary period in training and then, at the end of th
same day, the cadet would return to the role of squad member. Thus,
:-`here is a continuous rotation of leadership roles.

*The research reported here was supported by grant MDA 903-78-002
from the U.S. Army Research Institute for the Social and Behavioral
Sciences (Jerome Adams, Principal Investigator).

**This paper reoresents the views of the au" ncrs and not the official
position of !:he U.S. Military Academy, the U.S. Army .Research

L nsftitute, the U.S. Army, or any other governmental -7arncy unlel5s 50
--esiganed by authorized docuset.L.

***e thank Debri instane and Robert Rice for their assistance on an
e-rl 7er renore• n,- Zr tIrAS -isistancE in data anl! as1 i
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At several points during the course of training, the performance
of cadets at O'FT is formally evaluated by either upperclass West Point
c dets, or by the regular Akry officers ta: supervise cadet training
(i.e., Tactical Officers). A cadet may be in a squad member, a leader,
or occupy a supervisory staff role at the time of these evaluations.
In this context, typical supervisory positions include transportation
sergeant, supply sergeant, training sergeant, etc. Such positions
carry considerable responsibility, but are outside of the direct line
of command and have limited authority when compared to line leader
roles such as assistant squad leader, squad leader, platoon leader,
first secgeant, etc.

Their performance appraisal ratings, developed and regularly
collected under institutional authority, served as the data analyzed
for the present report. The major objective of" These analyses was to
.copare the ratings given to male and female cadets as they performed
temporary military training exercises in any of these three roles
(i.e., member of squad, formal leader, or supervisor).

XMETHOD

Subjects

Performance appraisal ratings were obtained for all female cadets
(N - 86) and a random sample of male cadets (N - 49) enrolled in the
Class of 1982 at the United State.s Military Academy during the summer
o of 1979. All these cadets were participants in Cadet Field Training,
(CET).

Performance Measures

An 11 item rating for=, developed and administered by the Academy,
was used to evaluate the performance of cadets as they performed

various duties associated wýith CFT. The forms used by Tactical
Officers (TAC) and more senior cadets holding roles in the Cadet Chain
of Command (COC, included the same 11 items. Each of the 11 dimensions
used in the rating form is described below. (A copy of the form is

included as Appendix A).

(1) Sense of responsibility and reliability in the execution of
ass igned tasks.

(2) Ability and willingness to work in harmony with others.

(3) Ability to grasD? a situation, think clearly and develop
logical conclusions.

.4)6 azi oL in orgnizinn4 and dýi-ecrin•. the effor ts of others.

(5) CanDcizv for incre-sed resoonsibi) Er:; abl ity to learn
r- so L'I



(6) Motivates others by his keen interest and personal
partic'ipat ion.

(7) Initiative, forcefulness and ag-gression.

(8) Ability to bear up under pressure; the will to persevere in
the face of obstacles.

(9) Ability to adjust to new or changing situations and stresses.

(10) Renders faithful and willing support to superiors and
followers.

(11) Overall performance of duties.

The first ten .imensions are rated on a five point scale and the
eleventh one uses a ten point scale.

Unit of Analysis

Each cadet was rated by one to five evaluators. Hence, the total
number, of evaluations was 487 (205 for male cadets 282 for female
cadets). In the analyses to follow, the evaluation rather than the
individual cadet serves as the unit of analysir (i.e., N 487, not
135).

RESULTS

Intercorrelat ions

Table 1 presents the intercorrelations among the 11 questions
making up the rating scale. These intercorrelations are quite hig-h,
suggesting th.±t there is relatively little discrimination in the way
raters respond to these II different items. Until recently, regular
Army officer evaluations were subject to a highly skewed (inflated)
performance score. This general leniency error appears to generalize
by cadets who typically emulate officer role model behaviors.

Analvsis of Variance

A multivariate analysis of variance was conducted. In this 2 x 3
x "I analysis, Cadet Gender (Male-Female) and Cadet Role (Member of
Squad, Leader, Supervisor) served as the independent variables, and the
11 perfornance ratings served as t.he dependent variables.

The "!MOVA yielded t o significant main effects and a marginal
interaction effect: Cadet Gender (F = 4.58, df = 22,838, p <
.00001); Cade: Role (F = 2.72; df = 22,888,; p < .00003); Cadet Gender x

Cacet Role (F 1.37; df = 22,383; p < .12). To Interpret the meaning
or t:fese stin:iicant in- nar.rillv stI- iiant en - ects', fnllov-up

.- - -- - ~ '~'-~~ - -.---.-- '~f. 77



univariate analyses were performed.

Because of space limitations, I will only describe briefly the
univariate results related to each of the three effects tested in thes
analyses of the II ratings. The complete tabular results are availabi
in the full manuscript.

Main effect for Cadet Gender. Seven of the Ii items yielded
significant main effects for Cadet Gender in the univariate analyses o
variance. The direction of these effects consistently showed males
being rated more favorably than females in every instance of a

significant difference. Specifically, male cadets, relative to female
cadets, were rated as:

- being more reliable and respon3ible in executirg assigned tasks

- having greater ability to grasp a situation, think clearly, and
develop logical conclusions

- having greater ability to organize and coordinate the efforts of

others

- having greater capacity for increased responsibility

- more motivating to others through keen interest and personal
part ic ipat ion

- having greater initiative, forcefulness, and aggressiveness

- better in overall performance of duties

On only the four following items did the difference; in ratings of
male and female cadets fail to achieve conventional levels of
statistical significance:

- ability and willingness to work in harmony with others

- ability to bear ap under pressure; the will to persevere in the
face of obstacles

- ability to adjust to new; or changing situations or stresses

bd renders faithful and w"iling support to superiors and
subordi.nates

3owever, for all four of these items the direction of the means was the
same as that found in the significant effects, i.e., males were rated
higher than females.

Mf •ain effects for Cadet Role. The significant multivariate effect

for Cadet Role is refleed by significant univariate effects for 1J of
rhe aI raring di-nensions. Cader; it the role of squad member were

eva:ul3ted Leusr raoraM: and those nccupying an administrative role

......- dinos t a;.acbl.. Cadets in positions of Iormal.

.. ... .,. . .. .. C .



leadership at the time they were rated were the recipients of
intermediate evaluations, falling between the other two roles. For
some dimensions the mean ratings of cadets in leader roles fell closer
to the mean for cadets in squad member roles. While for other
dimensions the means for leaders were closer to the means received by
cadets holding administrative roles.

Interaction effect of Cadet,Gender x Cadet Role. In the
univariate analyses of variance, six of the 11 dimensions yielded
significant interactions between Cadet Gender and Cadet Role. The
means associated with these effects are presented in Table 2 along with
the results of Newman-Kuels multiple comparison tests (Winer, 1971, pp.
210-219). Those means sharing the same subscript in Table 2 are not
significantly different from each other. Each Newman-Kuels test is
limited to a single dependent variable. Thusjin examining the
subscripts associated with the means for a significant interaction, one
must consider each row of the table separately.

"The results of these 2 x 3 interactions are complex. However, it
is possible to offer some general comments for these six significant
interactions. The smallest difference between the ratings of male and
female cadets was found when cadets were members of squad. Nome of the
six dimensions yielding significant interactions showed a significant
difference between ratings of male and female cadets while in the role
of member of squad. However, for five of the six variables, the
difference between ratings of male and female cadets was significant
for cadets holding formal leadership roles. In formal leader roles as
this type, male leaders, relative to female leaders were rated as:

- having greater capacity for increased responsibility

- having greater ability to organize and coordinate the efforts of
others

- having greater initiative, forcefulness, and aggressiveness

- having greater ability to adjust to new or changing situations
and stresses -

- better in overall performance of duties

Regarding the third role, administrator, the pattern of male-female
differences was somewhat mixed. Three variables showed no significant
Sdifferences between males and females in this role (capacity for
increased responoibility; adjusting to new situations; and support to
superiors and subordinates). The other three variables yielded
significantly higher ratings for male cadets in administrative roles
than for female cadets in these roles (organizing and directing efforts

of others; initiative, forcefulness, and -ggression; overall
performance). In sum, these interactions show the little discrepancy
between ratings of male and female cadets in follower roles, but higher
ratincs 'or male cadet3 in formal leadership roles, and to a lesser

n c .:ent higIher ratings far males than females in ad-ainistrative roLes.
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SDISCUS S TON

The most noteworthy result of the present study is the c nsiste-t
difference in Lhe ratings of male and female cadets. Males were rated
significantly h'gher than females on seven of the 11 rating dimensions.
Interaction effects indicated that for many of these dimensions, this
gender effect was smallest when cadets were in a squad member role and
greatest when they held positions of formal leadership or
administrative responsibilities. An examination of the correlations
between cadet gendtur and the 1! rating dimensions presented in Table I
shows that the magnitude of the gender effects in the present study are
small in magnitude. The largest correlation involving the cadet gender
variable is only .22, indicating less than 5% shared variance (with
item 4, organize and direct others).

Many different interpretations could be offered for these small,
but statistically significant, effects showing that males are rated
more favorably than females in carrying out their duties as CFT. One
interpretation of these findings can be offered in terms of sex role
s tereotypes. T)eaux (1976) indicates that females are expected to be
compassionate, emotional, warm, quiet, gentle, passive and tactful
•hile males are expected to be analytic, aggressive, independent,
-ssertive, confident, and direct. Scheln (1973) demonstrated the
relevance of sex role stereotypes for concerns with leadership and
managerial roles. She compared the stereotype of males and females
with the stereotype of effective managers. Her finding was that "male"
and "effective manager" share a large number of common stereotypic
attributes while "female" and "effective manager" share few attributes.

The implication of Schein's study is that masculinity may be perceived
as effectiveness in leadership roles while femininity may be perceived
as being less effective.

The Cadet Role effects may reflect nothing more than the
behavioral repertoire appropriate for the different roles. It may be
very difficult to display sane of the behaviors and traits included in
the rating scale while in the squad member role. On the other hand,
,here are abundant opporti•nities to engage in such behaviors while in
leadership or administrative roles. No doubt alter:•ative
interpretations could be offered for tne phenomena discussed above.
IZm-hIle there remaans ambig-uity in the theoretical meaning of Cadet Role
and Rater Role effects, the prac:Lcai imolications of these results are
zlear. Namely, whea acting on CFT performance ratings, Academy
personnel have begun to aztend to both the source and the context of
such ratings. The present results show that it is unjustified to
assu"me conparable Meaniing for ratings from officers and from cadets, or
for cadets occupying different roles in the OFT progran. Before taking
37v adt-inistra~ive actions on the basis of such ratings, kcaderay
offi0 ls have come to recognize that it is ess•enial to judge the
-atin-s in light of the sour.e an! role fro= w;hich the rat iags are

noe -ated.
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Adams, Jerome, MAJ, Richards, John, CPI & Fullerton, Terry, CPT, United

States Military Academy, West Point, New York. (Wed. A.M.)

Relationship between Attitudes and Leadership Style: A Policy Cap2-
turing Approach

The present study sought to extend understanding of the relational

qualities of leadership style using policy capturing. The approach
required analysis of the styles of leadership used by battalion com-

manders in dealing with problem soldiers. A questionnaire was admin-
istered to battalion commanders to gather information about what types
of personal problems they have found as leaders and what solution

\ techniques were employed to deal with the problems. Leaders' attitudes
toward soldiers were also obtained as a basis for differentiating

between developmental, punitive leaders, and "administrative" leaders.
Subjects were 326 male battalion commanders assigned to locations

Cthroughout the continental US, Europe, and the Far East. Responses
regarding soldier problems were submitted to a principle component,

varimax rotation factor analysis. The four generic factors identified

were (1) on the job problems, (2) substance abuse problems (3) socko-
emotional problems, and (4) AWOL. The three leadership styles differed
most in their handling of job performance problems, less regarding

socio-emotional problems, and less yet on substance abuse problems.
There were no discernable differences regarding AWOL.

- "



Relationships Between Attitudes and Leadership Style:
A Policy Capturing Approach

Jerome Adams John Richards Terrence Fullerton
Associate Professor Assistant Professor Research Psychologist
"Science Research Lab,USMA D/BS&L USMA Cadet Counseling Center,USMA
West Point, NY 10996 West Point, NY 10996 West Point, NY 10996

9Objectives of the Study

The main objective of this study is to attain more under-
standing of the relational qualities of leadership in military
organizations. These qualities are often described in terms of
leader style as in Fiedler's contingency model (1964); however,
the emphasis is on a more focused view of "style" as it relates
specific leader behaviors to standard organizational problems.
The previous failure of most traditional personality measures
to predict leader behavior has caused many scientists to adopt
the newer view that such behavior is an interactive function of
personality, dispositions, and the situation (Hollander & Neider).
What seems necessary to further the predictive quality of the
study of leadership in groups and organizations is a better
grasp of these interactive qualities in a standardized social
interaction from a policy-capturing perspective. Therefore, the
present study seeks to extend the understanding of the relational
qualities of leadership using policy capturing. This approach
requires analyzing the styles of leadership used by commanders
to deal with problem soldiers. Several important factors give
special meaning to this study:

* The research report here was supported by Grant #13 ARI 80-32
from the U.S. Army Research Institute for the Social and
Behavioral Sciences.

** This paper represents the views of the authors and not the
official position of the U.S. Military Academy. the U.S.
Army Research Institute, the U.S. Army, or any other govern-
mental agency unless so designated by authorized documents.

*** We thank the staff of the ARI field unit, Fort Benjamin Harrison,
Indiana for their assistance inL collecting and coding the data.
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Commanders are senior leaders in organizations whose
decisions directly influence outcome measures of
subordinate members.

The study uses four standard categories of leader
problems which all military commanders must face.

- The study uses fourteen standard solution techniques
to resolve the four problem categories.

- The study uses a standard personality attitudinal
measure.

- The study was conducted in the real-life context of
more than three hundred organizations with leaders
performing similar organizational functions.

The formal and objective approach of policy capturing in
leadership provides a conceptual framework of bow leaders behave
in a given situation. For example, we will determine if each
military leader is considering the same information and placing
the same importance on specific problem solutions for a given
set of standard problems. Only a small portion of research con-
cerning policy capturing has been concerned with industrial
problems (see Christal 1968; Naylor & Wherry, 1965; Christal 1969).

Althougt, r-egrettable, the paucity of research is due to
practical constraints. Policy capturing methods require a large
number of comparable judges; hence, the methods are typically
applicable only in large homogeneous organizations. however,
a setting such as the military would be an ideal setting to
determine how similar leaders are in their behaviors toward
standard leadership problems.

Method

As indicated, the research to be reported is an attempt to
study leadership as an interactive process using a pclicy capturing
perspective. The technique used required the administration of
a questionnaire to commanders to gather information about what
types of problems they have found as leaders and what solution
techniques were employed to deal with the leadership problems.
Information was also obtained about the leaders' attitudes
toward problem soldiers as a basis for differentiating between
developmental leaders, punitive leaders, and mere administrative
adjudication processing.

Subjects

Subjects were 326 Army commanders assigned to locations
throughcut the continental United States. The research was part
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of a larger program geared to developing more effective unit-
level techniques for addressing the problems among first term
enlisted soldiers.

Procedure

Military leaders were tasked to complete a questionnaire
about their attitudes toward problem soldiers and what leadership
style they used to resolve problem issues. The information con-
tained in this study is restricted to the military leaders'
responses to questions of working with problem soldiers.

In an effort to reduce the number of categories of soldier
problems rated in the survey, it was decided to submit the leaders'
responses to questions about problem soldiers to a principal
component, varimax rotation, factor analysis. This analysis
suggested that four factors be retained. The four retained
factors were thus conceptualized as: I -On the Job Problems,5
II - Substance Abuse Problems, III - Socio-Emotional Problems,
IV - AWOL. Together the factors accounted for 55.7% of the
observed variance. These dimensions permitted logical groupings
of the original 14 problems into four supra-ordinate, broader
problem areas. These clusterings were then imposed on two
related survey sections dealing with the perceived frequency
of soldier problems and the estimated likelihood of problems
ultimately resulting in separation from service.

In order to decrease the number of solution categories
to problems. it was determined to factor analyze the solutions
to four problems: job performance, substance abuse, marital
problems and AWOL. These four problems were chosen because
they best represented (by virtue of factor loadings) the four
supra-ordinate categories of soldier problems. This factor
analysis and rational consideration suggested the following
further supra-ordinate solution categories: 1) Informal
Counseling; 2) Non-punitive Aids to Military Adjustment;
3) Remedies for Substance Abuse Problems; 4) Punitive Non-
discharge Remedies; 5) Early Discharge Program; 6) Separation
for University and 7) Other Discharges. The next set of
analyses describe the attempt to determine oredictors of
--personnel management style. Using commander's demographic
attitudinal and personal characteristics as predictors these
variables were entered into a series of multiple regressions
to see how much they predicted leader style. Leader style is
a criterion measure for each commander. This score is computed
by creating a 7 x 4 matrix. Thus, each commander has a score
in 28 cells cf this solution/problem matrix. The proportion of
variance a~counced for.Tby the predictor variable:. was as expected,
minimal R' .013 to R2 = .109.
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The next set of analyses allowed us to examine the re-
lational qualities of traits, behavior, and situation from
a policy capturing perspective. In order to accomplish this,
a series of discriminant analyses were performed. The results
are given in Table 1.

The results of all of the analyses are described in more
detail in the full paper. Because of space limitations, we will
only summarize our findings as the data edify the complex
relational qualities of leader attributes, style and work
situation. First, the attempt to predict leader behaviors
from personality information was not successful. This outcome
is consistent with early research by the trait theorists who
tried to characterize effective versus ineffective leaders
based upon personal characteristics. Among the characteristics
of the leaders studied here, the best predictor of leadership
behavior is attitude toward problem soldiers. Clearly, it is
that characteristic which is most clearly important and salient
with the situation. Sherif (1948) noted that results such as
those presented here, when he observed that leadership is not
determined by "personal qualities in the abstract" (p. 456).
Finally, these results are also consistent with Stogdill's (1974)
observation; leadership performance is most often determined
by a pattern of personal characteristics in a situationally
specific setting. Hence, contributing personal characteristics
are dependent upon the situation.

Such preliminary findings have led us in this research
to consider the relational qualities of personal characteristics
with a behavioral outcome using homogeneous problems in similar
role level settings as exemplified in the highly structured
organization found in the military.

Consistently, we were able to significantly discriminate
between leaders whose behavior toward standard problems was
developmental or punitive and in the last case merely admini-
strative. Generally speaking, we found support for differences
in how military leaders behave to the same problems. The leaders
who were classified as developmental were most distinct in how
they behaved as evidenced by the soltuions they chose to deal
with problem soldiers. This suggests a high degree of similarity
of value or judgement among developmental leaders in terms of
consistency of behavior when addressing realistic, standard
problems in common organizational settings.

The perspective of policy capturing serves as a useful method
in revealing that overall, developmental leaders make similar
judgements on appropriate behavior for areas where the problem
soldier can be given the opportunity to improve and possibly
make long-term meaningful contributions to the organization.
These leaders' actions are highly consistent to underscore a
value system that leads to judgemental consistency of their
behavior. Obviously, punitive leaders; who do not espouse the
same personal developmental attitudes as a dispositional character-
istic, differ from those who do in terms of the degree to which
the relational qualities of traits and styles affect decisions
for standard problems in homogrieous settings. Where we expected
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to find the least difference between developmental and punitive
leaders (in the administrative choice outcomes) the evidence
substantiates this similarity.

Although possible alternative explanations can never be
ruled out, it is possible that the train-style-situation
leadership link is actually due to some extraneous factor.
However, the work of Kelley (1972) suggests three major dimensions
for such an intuitive examination. If the evidence does not
hold up over time or across relevant situations, or if it is
not supported by the opinions of other relevant actors, leader
phenomenon may plausibly be attributed to some exogenous source.
In our study, the results were based upon leader style and
situations for periods ranging up to eighteen months, across
more than three hundred similar levels of authority governed
by the same standard procedures of the organization's hierarchy.
It is not known at this time how the leaders, themselves, would
support the conclusions of this study. However, if we accept
that these findings accurately reflect the relational qualities
of leader traits and styles to a standard set of problems in
the same situation, these results suggest that policy capturing
is a conceptually meaningful methodology to better explain the
process of leadership in specific organizational settings.
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Affourtit, Thomas D., Interaction Research Institute, Inc., Fairfax,
Vi rginia. (Wed. AM.)

The Leadership Evaluation and Analysis Program (LEAP): Validity and

Future Directions

The LEAP is a self-applied OD method that allows small unit com-
manders to assess leadership concerns, measure unit combat readiness,
and evaluate decision-making effectiveness. The self-development
strategy assures individual command control and confidentiality, while

central analysis is made possible through voluntary and anonymous
submission of data.

Production rates) reenlistments, and absenteeism were used to

validate LEAP Inreraction Inventory scales and a Disparity Index

(DI) was developed as an additional Dimension of command climate to

cmeasure disunity and differential treatment of unit members. The DI,
the strongest predictor of performance, is the subject of planned
research In working relationships using the Vertical Linkage Dyad model

C of analysis.
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THE LEADEr.S1II• P VAIXUT ON AND
ANALYSIS PROCPJLM (]EAP)

Validity and Future Application

Thomas D. Affourtit
Interaction Research Instittte, Inc.

The Leadership Evaluation and Analysis Program,, commonly

know,,n as the LEAP, was originaly designer1 for the U.S. Marine

Corps.

* The LEAP is designed for use- by the smsall. unri
comimanger to identify leadership concerns, to
measure overaI'Y--u.h.1-X combat readiness, and to
evaluate the effectiveness of the decision-
making process.

* The LEA ,P provides- co.-ipanly, battery, and squadrlon.
level ccmnanders with a completely decentralized
leadership aid. The program is .e!f-arpi]ied and
volui..tary on the leadier's part. And, the results
are strictly conf=c.?n-t~ial to the individual. corn-..ar.

c Most important, throuqgh th" dccision-makincq fecod-
back pr.nciplc, the LTAP aids rho leader in
developing the tlexibilit.y to deal with varions
groups in a variety of situations and mission
requirTeCicn ts

J~~~~he ~ ~ 1,Aerinc;i-ii~ a pr,-cess,

founded2 on Lhe principles of mr-odern manageLient methods, and

utilizing behavioral science tc-,_hniqu:es. Thc- entire program

is presented in a manual that featlires a ste:-by--step procedure

for admini stering the techniques and explicit quide) ines for

scoring and reviowing the results. iTherefore, no outsidc pro-

fession-l] assistancn is ncesesary and no reports or formal

pap<j;rworK i s requirod.

Program m:,terials allow the conmmander to systo;eatically

measure inji.tL perf iinrnice, in termsi of gcneral Marine Corps

standards and suecific unit requirements. In addition, unit
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motivation is measured to determine the reasons behind various

icvels of performance. Since performance is the consequence of

a motivational state, the LEAP attempts to measure the causes

as well as the effects of unit combat readiness.

Once the causes of performance levels are identified, the

leader can take the necessary action to extinguish those condi-

tions that produce deficient behavior, and reinforce or support

the conditions that promote positive performance.

The technique for measuring unit motivation is a question-

naire that functions much like a starlite scope. It enables

.h;. ).ca6er to see the hidden causes of performance, which are

not easily observed under normal conditions. In this way, the

LEAP procedure is not unlike counterinsurgent or search-and-

destroy operations. But, in this case, the enemy is indiffer-

ence, negligence, discord, and prejudice. These are some of

the reasons that sepRai:te effective, combat-ready units from

ineffective ones.

The application of the LEAP is very simple, requiring

c'enly a few minutes of the commander's time to request appli-

cation, to review the results, and then to make appropriate

counteractive decisions.

First, the commander has the unit clerk record various

performance statistics on the Leadership Analysis Form, a

behavioral men.;uring technique and an essential part of the

program. This part is easily accomplished since all the infor-

mation needed is available from unit records. It takes about

an hour to accomplish.

Next, the CO directs a responsible subordinate leader to

administer the Interaction Inventory, the motivational ques-

tionnaire, to the entire command to measure the motivational

level of several relevant areas of Marine Corps concern. It

takes from 15 to 35 minutes for troops to complete the anony-

mous questionnaire. Questionnaire results may be either scored

manually or computer processed.
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Finally, t-he CO reviews the results of the ques•tionnaire-

according to a scheme outlined in the manual, or according to

his or her own interest, These results serve as henchm,,rks for

the command which are used to judge progress in critical leader-

ship areas.

Now, let's take a closer look at how the LEAP works.

The CO calculates his or her own perFormance profile, a

procedure that is similar to developing tht: readiness indica-

tors used at some higher level com_,mands, except that unit

leaders select their own areas of importance, and unit measures

are taken over a desig,,aloO reriod of time.

The command ro ivatyoionl Profile s then revic-..'ed to deter-

mine the areas of strenyt!. and weakness in terms of troop per-

ceptions. Several general areas are measured, such as command

efficiency and cohesion, which indicate levels of unit prepa-red-

ness. And, conditions of discrimination, justice, and interqroiip

climate provide an assesnjm(,nt of overal] command cqurlit1y.

In addition, two adituent survey instruments have been

developed to expand the dorain of the. nioivational data and to

provide flexibility of applicction through selection of scoizs

considered most releviant at the user unit level. Adjunct

scales include mcasures of senior proficiency, senJo,: suppý..•rt,

communication flow, organization and planning, recocnition,

discip]ine, task satisfaction, tash significance, funct~ianal

readiness, solidarity, and individual develop:nenit.

Like an aerial reconnaissance photo, this information

can be amplified to expor;c sp.•cific issues and conditions that

make up each scale in the command motivational pro ile. Again,

strengths and weaknesses lre noted as peaks or depressions

along a scale gra•h. Tactically speaking, this iniformation

gives the coordinates of the enemy's pl•sition.

These data also allow the leader to establish mission

objectives or goals to reach in order to destroy the negative

condition and inprex\'e unit. military status.
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Validity studies conducted on Marine Corps field units

show that as these scale scores move toward the right, indi-

cating more positive motivational levels, unauthorijzed absences

within a command significantly decrease, and first-Ltrin reen-

listment rates significantly increase.

'The motivational information can also be analyzed from

the standpoint of any number of groups within the command,

such as senior vs. subordinate Marines, minority vs. majority

Marines, or by educational level, marital status, and carder

intention groups, just to name a few.

It has been found that where disparity exists' bltw•r-en

groups distinguished by rank, such as sergeants and below vs.

staff NCO's and above, rbsenteeism will again be htgiA and

reenlistments will be low. But, when the scores of the two

groups move closer together, indicating that both groups judge

th2 command as functioning at the same level, unauthorized

absences again decrease sugnificantly and reenlistments

increase significantly. The same outcome was discovered for

differences in perception between minority and! majorit, member

troops.

In review, there are just four primary steps in the LEAP

procedure:

* First, identify leadership problem areas or locate
enemy positions using tho LEAP tactical sensing
and reconnaissance devices (analyze).

o Second, establish leadership goals and management
objectives (plan).

* Third, take corrective action (attach),

v Fourth, evaluate results in terms of performance
and/or motivational outcomes (evaluate).

In this same manner, any leadership decision, program of

training, or policy designed to improve perform.,ance can be

evaluated. Such decision-making evaluation assists Marines in

producing viable solutions to some of the contemporary problems

that all Marines face today.
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In support of this solutiojr-oricýnted approach, an

information-processing data bank has benri initiated. The LEAP

Network Monitor System is a process that will enable Marine.s

to share solutions to common problems erzcountercd `Ln the field.

This system will function on a voluntary and an anciymovs basis

as a data input and inquiry bank for M.4,arines using the bEAT.

Information input, recommendations, and solutions discovered

can be analyzed, and data feedback can he presented in con--

sideration of any number of influencing conditions, Sich as

unit cordposition, mission, unit status, location, or effective

strength. Such results, based on actual conditi''-.. "i1±1 also

be beneficial in training new leaders to make the mc.sL appro-'

priate and effective decisions prior to cortmand a.sigjment.

In essence, the LEAP supports one of the most basic_ and

time-proven leadership princ;.les -- know your personnel! it

doesn't matter whether your leader-hip style is authoritarian,

participatory, or charjsmatic; you can benefit front -i better

undcrstandirg of unit personnel and mote systcmatic knowledge

of how members react in various situations.

In summnary, the LEAP is a voluntary aid for company level

commanders. And the payoff for just a little time and effort

invested ca-n be:

v Greater unit harmo'ny onc n-.orale.

* Performance inpro\v'ment.

S L e s s d i s c ip l i n a r y e f f o r t e x p e n d e d .

o Increased control and influence over troops.

cv Leadership skill development.

Validity studies conducted over a five year period revealed

significant rel.itionships between various LEAP scale scores and

unit reenlistmient and unauthorized abience rates, first term and

career reenlistmient intention, drug and alcohol abuse, and theft

.... .... ......



within po)rticipating comrmands. In addition, a longitudinal study

of avaitiox maintenance commands showed that LEAP motivational/

climate rmeasuros correlated significantly with such productivity

indices as defect rates, parts and maintenance backlog, and in-

ventory teadiness.

One of the major outcomes c.C the LEAP studies was the

development of the disparity index (DI) as a measure of differ-

ential working relationships between pertinent groups within

commands. Beyond measuring the degree of unity within a command

over crit;cal conditions, the DI was a more efficient predictor

of cl.ioatc and performance for some of the LEAP scales.

A proj-osed future effort involves using the LEAP methodology

to investigate the impact of internal role relationships upcn

unit efficiency. Intraunit differentiation as measured by the

DI is a conmmon condition that has a significant impact upon

group performancc. While traditional attempts to study leader-

sbipJ focus on averý&-e style and treats within group variance as

error v':ri ance, the DI model considers intragroup variance as

valid. Any serious consideration of unit cohesion, adaptation,

and internalization of military norms must take into account

that leaders differ over time and within groups and that groups

respond differently.

As a flexible and valid organizational development interven-

tion and research tool, the LEAP provides field commanders with

a procedure for improving unit combat readiness, and offers

sciel-tists a unique method of data gathering and analysis to

study the complex phenomena called leadership.
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THE JOB TASK ANALYSIS/SKILLS AND KNOWLEDGE MARRIAGE (PART 1)

T. N. Ansbro and W. A. Hayes-4 CNET/TAFG NEPDIS Deviopaent Team, CNET HQ. MAS Pensacola

As Job/task analysis methodology continues to advance in sophistication,
the computer takes over an ever greater share of the work of analysis, leaving
less and less of formerly judgemental areas to assumption. But, assumption
still functions where job "skills and knowledgea" are assigned as underlying or
component to tasks in inventories.

So far, in front-end analysis of the workplace, task interrelationships,
rankings by complexity, and degrees of commonality can be readily determined by00the computer. If task 00165 in package 017 proves common to 16 others in an
inventory of 2500, has a complexity index of 1.25, and embodies all the subor-dinate work behaviors of 137 other tasks, the computer can record these fea-
tures and position the subject task appropriately in an output hierarchy. It
can also sort on the basis of identifying or descriptive data included in the0 task record in the inventory. Such processing gets pretty far down into speci-fics of work behaviors underlying tasks, but it doesn't affix identified mini-0 pulative or processing skills and static-descriptive or process-associated
knowledge (information) elements to those tasks.

a This paper (Part I) describes a matrix of "skills and knowledge" elements
to augment a model front-end job/task analysis subsystem (NEPDIS-Naval Enlis-ted Professional Development Information System) and discusses such alterna-
tives as adding these data to the master job/task inventory or providing an
ancillary "skills and knowledge' inventory for use of the training program
developer.
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As nfroot-end" job/task analysis methodologies have progressed and
continued to advance in sophistication, the computer takes over an even greater
share of the work of anplysis, leaving less and less of formerly judgemental
areas to panel-of-experts analysis, evaluation, and cataloguing. Identifi-
cation and description of tasks in inventories appear fairl' concrete, as they
do for such task component work behaviors as task elements (Johnson and
Richmann, 1975). What analysis is possible so far with the task (and its
accompanying descriptive factors) as the sole data source has yielded task com-
plexity index2s, hierarchies expressive of task interrelationships, and task

commonality indicators within and among occupational fields. With such outputs
of job/task analysis producible by computer programming, assumption and
subject-matter expert (SME) consensus might well be expected to fade into the
background. However, assumption still functions where such work behaviors as
job "skills and knowledges" are l•r must be assigned as underlying or component
to tasks in inventories.

In Navy manpower management, ship and squadron manning documents and job

(billet) descriptions are dependent in the main upon extensive, detailed, and
comprehensive inventories oi operational, maintenance, administrative, military
watchstandiag, and other tasks (as well as ship, systems, and equipment data).
Personnel distribution, rating assignment, advancement, and training (espe-
cially training) depend upon inventories of skills as well as tasks; and the
training community needs to take the job/task inventory "audit trail" down
farther still-to the level where "job knowledge" can be associated directly
with "job skills" to support job tasks.

This paper (Part I) describes an attempt to produce a matrix of "Job skills
and knowledges" elements to augment model front-end job/task analysis subsystem
currently under development by the staff of the Chief of Naval Education and
Training (CNET) and Training Analysis and Evaluation Group (TEAG) elements in
"Pensacola, Florida. The subsystem model is the Training Analysis Subsystem of
the Naval Enlisted Professional Development Information System (NEPDIS) (Davis,
1976, 1977, 1977a, 1977b).

The NEPDIS model currently stores some 23,000 Naval Avionics rating tasks
in its In.entory. Occupational data acquisition was accomplished for other
ratirgs in "-- Naval aviation community, ten in all, but these data are not yet
in the computer. As a resulIt ocup•tion-al data stored and analyzed to date by
NEPDIS remain in the major fuictional category of Maintenance. A typical
listing of an avionics maintenance task is shown in Figure 1.

With computerized snalysis of such data as typified by this entry in the
Aviation Electrician's Nate (AE) job/task inventory udder NEPDTS, tasks may be
ranked by complexity; and degrees of commonality (from the identical to an
agreed-upon level of similarity) (Davis and Perry, 1980) may be established.
Task intecrelationships may also be established. Some tasks obviously contain
wany component work behaviors that are also contained in other tasks of lesser
complexity and scope; some tasks duplicate the work behaviors of others, some-
times regardless of the tasK titles involved. Tasks shown to "embody" otl.r
(subordinate cr component) tasks are termed -Omnibus- tasks; the tasks shown to
be component to the Omnibus tasks are termed -Embodied" tasks (Figure 2). In
the NEPDIS joL/task inventory (JTI) AE task 00165 in package 017 may be shown
to have a complexity index of 1.25. prove common to 28 others in a one-rating
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Inventory of 3700 tasks, and embody all the component work behaviors of 137
other tasks. The computer can record these features after producing them via
analysis, and it can position the subject task appropriately in any specified
output hierarchy. It can also sort on the basis of Identifying or descriptive
data included in the task record in the inventory (Ansbro, 1978). Such
processing gets pretty far down into the specifics of work behaviors underlying
tasks, but it doesn't extend beyond Identifying job-related skills. Figure 3
shows task "signatire block- (work-behavior descriptive data) printed out. The
five skill areas included in the task signature block contain statements of
work behavior that would appear to be as desc-iptive of elements (or
components) of a task as of the skills that they represent. They are
definitive, small in compass, and specific to (and therefore underly) task
Performance; therefore attached to other descriptive data for the task.

herein lies a problem for the training program developer or curriculum
designer. To design a training course, he needs an inventory of tasks to
describe course graduate job performance capabilities and to provide realistic
practical exercises and performance tests. Successful student/graduate task
performance when matched with on-job (billet) requirements in the fleet (also
tasks) serves as a reasonable predictor of successful performance on the Job.

However, can a course cover all the tasks that the graduate must perform on
the job in his fleet assignment? The best that we can hope for is coverage of
these tasks that best represent fleet requirements. The analysis that results
from this realization requires intricate grouping and cataloguing of work
behaviors. Selection of representative tasks really involves selection of
tbhae umderlying behaviors component to or most widely transferable among tasks
assumed to be representative of fleet Job requirements.

The transferable component/supporting work behaviors underlying task
performance are skills. Skills, stated in behavioral action language, resemble
tasks. Indeed, the workplace and the schoolhcase both use task and skill ter-
minology almost intercnangesbly. As an example, welding is described as a
transferable skill, since welding something to something else is component to
performing many metal Zabrication and repair tasks. However, depending upon
how a work-behavior statement reads ("weld fire-hose support bracket to bulk-
head-), welding may be regarded as the action part of a task statement.
Welding as a major work behavior can also be regarded as wore encompassing than
a task; it can represent an entire torker career, or the sole mission or output
of a shop or department. Soldering, somewhat similar technically, but a consi-
derably smaller skill, is usually termed just that-a skill. Viewed from a
task-descriptive orientation, it is also a task element. But, because of its
simplicity, -ubordin'tte/component nature, and wide applicability (therefore
transferability) to task performauce, it is generally considered to be a skill,
and in the occupational field(s) of electricity/electronics, a basic one, at
that.

On the premise that if rhe schoolhouse is to train the graduate to perform
on the job in tIe fleet, the instructional program/cnurse designer must attempt
to rerlicate the best representative and most critical tasks from that target
environment; then, he must ferret out, verify and train on those skills found
to be component to those tasks selected for training and transferable to those
known to exist in the workplace but not selected for training. Therefore, the



training community needs extensive and camprehensiv3 JTls with task-descriptive
data as fully fleshed out as possible; and it is certainly more than merely
conven'.,t to have skills appropriately identified as such. Further, in any
carcý) continuum, it must follow that in the earlier training programs (basic,
a,- rentice, initial job-entr)), the concentration of training effort is an
skills, transferable to the job environment where they may be applied and
refined in a work-and-OJT setting. Advanced specialized training still teaches
skills, but task performance figures somewhat more prominently, as higher level
technician training more closely approximates the real-world environment of the
graduate's ultimate work site.

As mentioned earlier, skill statements resemble task (and task element)
statements: There are action verbs, objects of action, and job-environment
conditions and work-performance standards. It is necessary to make one clear
distinction if there is to be any observable difference between these state-
ments (in an inventory). In the task statement, the object of the action is
specific: a clearly identified or coded item (system or subsystem component,
equipment item, part, form, machine, instrument, etc.) In the skill statement,
the object of the action is not a specific iten; it can be typical of a group
or class, a "generic' item (mild steel plate, galvanized sheet metal ducting,
bar stock, tubing, circuit wiring, solid state printed circuits, etc.), even a
synthesized or composite item generated for such a purpose as training or prac-
tice of an identified skill action. As tasks fall into hierarchies, so also do
skills. A "troubleshooting" task (in NEPDIS: "Isolate Fault/Troubleshoot

--object") employs subordinate (component) -troubleshooting- skills:
selecting/using references, selecting/using tools, selecting/using support
materials, selecting/using support equipm2nt, and selecting/using test equip-
ment.

The principal mechanistic reason for making these task/skill distinctions
in the NEPDIS Training Analysis subsystem is the need for the computer to
recognize the distinctions in its progress thrnugh analysis toward such outputs
as billet-specific task inventories and rating-speciftic skill inventories.
NEPOIS front-end analysis was designed to be totally computer-served and to
conduct all job/task/skill analysis for designated users at the "front-end";
hence, the emphasis on coding, detailed identification and descriptive factors,
and other aspects of an audit trail from task identification through reference
Source.

Job knowledge, or the task/skill performance enabling base (information/
data); lies at the bottom of the audit trail. Information from all reference
sources pertinent to task/skill performance can be assumed to fit into a rela-
tively simple matrix, an example of which Is shown in Figure 4. A NEPDIS-
conducted literature search based on reference text support of occupational
data already in the JTI indicated substantial reference support for the details
of task and task element performance. However, little test support for those
behaviors identified as component skills was found in these references. For
instance, what to solder and at what point to solder, and what tools and
materials applied to the task element were amply covered by reference. How to
solder was not. Hence, in a Navy-designed front-end job/task analysis sub-
system built to support Instructional Systems Development (ISD), the subsystem
developers discovered that in some instances they had provided themselves with
relatively light direct reference text support for developing the essentials of
some skills training. By tracking back through the appropriate job

10r,;



task-oriented referecas and by reeourse to raring-specific texts and existing
skills-training school texts, the necessary reference support can be found.
But it is not direct, and it is not totally and specifically contained within
the master JTI for the rating or occupational field.

NEPDIS front-end analysts had been designed with the avowed intent
of keeping all the job/task (and skill) analysis at the front end.
An instructional systems developer was to receive all the various
inventories (subsystem outputs) needed to develop curricula/instruc-
tional programs, etc. without having to "go back to the front end"
himself to analyze or further analyze data; especially, he should not
have to collect raw data.

One simple solution is to add such text references in the appropriate spot
in the task identification block in the master JTI. Another is to provide a
brief structured addendum to the naster JTI, this item strictly for the use of
training program development personnel. Figure 5 illustrates the general scope
of basic supporting information useful to the developer of skills training. In
essence, this example would suggest the bcginning of an adjunct task/skills
performance-supporting Information inventory or skills and knowledge library.

A third alternative is to construct a matrix such as the one shown (in
concept) in Figure 4, and code it to the task signature block in the JTI. The
matrix generally illustrates the task support hierarchy: from the top down,
task performance is supported by any number of task elements; the task elements
are supported by (and incorporate) manipulative and/or Information-processing
skills; and these skill: are supported by static descriptive and process-
associated knowledge items (the anabling information base). For practical
incorporation Into the JTI, identified skills can be cross-coded to task iden-
tification codes, and bodies of information identified as skill-supporting
items.

The alternatives mentioned above represent current NEPDIS effort to marry
the already definitive job task information in the JTIs with equally definitive
supporting skill and knowledge data. The inteut also is to maintain a visible
and easily followed audit trail throughout the Training Analysis Subsystem.
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THE JOB/TASK ANALYSIS/SKILLS AND KNOWLEDGE 14RRIAGE (PART II)

T. 4. Ansbro and W. A. Hayes
CNET/TAEG NEPDIS Development Team, CNET HQ. NAS, Pensacola

This paper (Part II) illustrates input and eventual emoloyment of model
"tasks, skills and knowledges"An the front-end job/task analysis subsystem
of NEPDIS (Naval Enlisted Professional Development Information System). The
four-part matrix displayed in Part I reflects a hierarchy with the task at
the too and the associated knowledre elements at the bottom. The task-to-
task element-to-comDonent skill-to-component kniwledge continuum orovides an
audit trail for the use of the training program or curriculum develoner,

tthether the matrix is added to the existing master job/task inventory or

6 rovided as an ancillary data bank for specialized use.

The principal goal is to set up a functioning audit trail (to justify a
CZody of job-related technical information as actually component to or clearly
linderlying task performance). A secondary goal is to set up an occunational-
Utield data bank and computerized retrieval methodology to sunoort this aim.
4he outputs of front-end job/task/skill analysis can then be used both to

describe (even construct) jobs/billets and the tasks performed by their in-
Ccumbents, and to describe the skills and knowledge requirements for Job

C incumbency, certification, advancement, and associated training.

IiA
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This paper (Part 11) illustrates the input and eventual employment of model
"tasks, skills and knowledges" in the front-end job/task analysis subsystem of
NEPDIS (Naval Enlisted Professional Development Information System). The
principal goal is to justify a body of job-related technical information as
actually component to or clearly underlying task performance; a secondary goal
is to set up an occupational-field data bank and computerized retrieval method-
ology to support this aim.

The initial input into the model (Figure 1) is a comprehensive inventory of
job/task statements consisting of specific actions to be performed on (or with)
actual, real-world (not generic) task objects with conditions, standards and
supporting descriptive factors. It cannot be over-emphasized that until all
the above data as a minimum have been collected, no total and thorough analysis
can be completed. The term "front-end analysis" as used in this paper is in-
tended to portray an analysis of all data collected at the front end of any
particular occupational data acquisition and analysis project. It is not dp-
plicable to any system which collects only a portion of the required data, con-
ducts a portion of the analysis, and then returns to the same (or additional)
sources fur another round of data collection.

Once the data have been collected, a computerized analysis can sort tasks
into skill levels, pay grades, or any other desired distribution based on the
inherent complexity of the supporting descriptive factors (Figure 2). This
first computer sort produces a crucial product by selecting from the total in-
ventory those tasks most appropriate for assignment to a particular group of
job incumbents (Figure 3). The initial list of selected tasks then serves as
an input into other computer algorithms which produce lists of billet-specific
task<s and a list of rating-specific skills (Figure 4). The skills are then
further analyzed to determine knowledge requirements.

The billet-specific tasks can serve useful roles in determination of man-
power requirements, assignment of personnel, identification of specific train-
ing requirements, advancement in rate, and certification and evaluation of
workers' performance on the job. Rating-specific skills serve as the standard
to which all members of a rating (regardless of billet to which assigned) must
be able to function in order to perform the tasks of a specific pay grade,
skill level, or other distribution structure. Knowledge requirements serve to
support absolute standards for advancement in rating and for certification in
work qualifications.

Once skills and knowledges have been identified and extracted from the
tasks, the selection of training sites and methods becomes the area of primary
concern (Figure 5). Skills and knowledges can be prioritized for training;
and those with highest priority would be assigned to a schoolhouse setting
(for instance a class "A" school). The remainder would appropriately be
assigned to correspondence courses and other self-study modes. In most cases
the training manuals used as the basic text for schoolhouse courses would also
be used for follow-on self-study and correspondence courses.

Tasks, like skills and knowledges, can be prioritized for training. Those
with high priority would be assigned to schoolhouse settings (for instance,
class "C" and class "F" schools), while those of low priority would be assign-
ed to formal on-the-job traiiing.
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A total training continuum based on the above assignment to the various
training settings would ensure that a worker reporting to a new assignment
would have completea training for the ski" and knowledge requirements es-
tablished as necessary to perform in his particular pay grade. It would
also ensure that he had been trained to perform tasks peculiar to his parti-
cular billet. He would report to his work site already prepared to perform
useful work and after a brief period of formal on-the-job training, would be
fully billet-qualified and able to perform all tasks assigned his billet.

Job certification and advancement are other areas which would also be
served by an automated analysis of j:wupational data (Figure 6). A task-
specific billet description for a worker's next billet and the three ele-
ments of training--tasks, skills, and knowledges are the input items for
the algorithm. A worker's ability tc nerforv. tasks and skills would be
evaluated by hands-on performance tests and his possession of adequate know-
ledge requirements would be evaluated by paper and pencil tests. Once he
had demonstrated Droficiency in the three elements required for a new billet,
he would become eligible for advancement. He could then advance into the new
billet and begin functioning as a fully qualified and certified incumbent;
upon meeting other requirements such as military leadership, time-in-rate, etc.
he could automatically be advanced to the next pay grade commensurate with the
billet. The Service as well as the individual would receive fair and equit-
able compensation.
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RATING - AE PACKAGE - 0001 TASK W0O3 DUTY SUBCATEGURY 01

TASK STATEMENT - PERFORM MAINTENANCE CHECK ON ROTATING BEACON ASSEMBLY 44126

PLATFORM - P-3 A/B (APBC)
SYSTEM - LIGHTING SYSTEM (4L4000)
EQUIPMENT - EXTERIOR LIGHTING (44100)
COMPONENT = ROTATING BEACON ASSEMBLY (414i26)

COMPLEX!TY - 1.67
MAJOR ACTION CATEGORY = MAINTAIN
DUTY SUBCATEGORY (01) - CHECK/TEST/INSPECT
TASK ACTION (PMC) - PERFORM MAINTENANCE CHECK

CUE .......................... REPAIR COMPLETE
STANDARD ..................... IAW REFERENCE PUBLICATION
REFERENCE .................... NA-O1-75PAA-2-12
TOOL ......................... COMMON HAND TOOLS, SPECIAL HAND TOOLS
SUPPORT MATERIAL ............. FUSE/SWITCH
SUPPORT EQUIPMEN T . . . . . . . . . . .. POWER UNIT 28V 400HZ
TEST EQUIPMENT ............... RPM GAUGE, AMMETER, 14ULTIPiETER

A B C D E F G H I J K L M J,
GENERAL ........................... 2 1 1 3 1 1 1 1 2 0 0 0 0 0
DUTY SUB 01 ....................... 2 3 2 0 1 3 1 0 0 1 0 0 0 0
SKILL I (REFERENCE) ............... 2 1 1 1 1 0 0 0 0 0 0 0 0 0
SKILL 2 (TOOL) .................... 3 3 2 1 0 0 0 0 0 0 0 0 0 0
SKILL 3 (SUPPORT MATRL) ........... 2 0 0 0 0 0 0 0 0 G 0 0 0 0
SKILL 4 (SUPPORT EQUIP) ........... 1 1 1 1 0 3 0 0 0 0 0 0 0 0
SKILL 5 (TEST EQUIP) .............. 3 2 2 3 2 2 2 1 3 0 0 0 0 0
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DEVELDPlM= OF THME GDNSRAL 1WiK IqVNVJtPY9 .. Rodger D. Ballentine, Maj

Air Force Institute of Technology

J. W. Cunningham, Professor of Psychology
North Carolina State University

T services have a sophisticated task-based job analysis system which
provides invaluable training and job descriptive information within occupa-
tional areas. Increasingly, however, requests are made for the canparison
of related work functions or variables (e.g., skills) across occupational areas.
A practical quantitative measure for comparing work activities in different
career fields would facilitate broad description, ccmparison, and classifi-
cation of such occupational information. This paper outlines a study to
develop a structured questionnaire consisting of work activity/condition

Q descriptors applicable to the entire occupational spectrum. In addition to
outlining the potential applications of such a system, we will describe plans

00 to rate a sample of enlisted Air Force jobs, assess instrument reliability
and validity, and group jobs based on their work dimens ion profiles%4

InmcOucrxci TO WORK STUDY

Historically, the idea of man's work has religious, ethical, social,
and econcmic implications. Work is either a burdensome necessity, a manso to an end, or a creative and valued act of man (Prien & Ranan, 1971). In
this discussion, work is viewed as a process whereby one exerts effort to
transform various inputs into prescribed outcaxes. Since the turn of the
century, job analysis has been synonymous with work study, as explained by

O• McCormick and Tiffin (1974): "Job analysis can be considered as embracing
Sthe collection and analysis of any type of job-related information, by any

method, for any purpose. Perhaps it can be defined more generally as the
study of human work" (p. 49).

The field of job analysis includes both qualitative (conventional) and
quantitative (structured) methods for collecting worker attribute and work
performance information. The conventional approach is useful for describing
specific jobs; however, such information is not generalizable. On the other
hand, the structured approach provides a consistent framework for data col-
lection and therefore the ability to ccwnpare and numerically classify the
units of analysis. Frequently confusion in this area of investigation re-
sults from inconsistently defined and applied terminology. In an effort to
reduce further confusion and assist the reader, several terms pertinent to
this discussion are defined below.

A work element is a description of various kinds of work activities
or conditions on which positions or jobs can be rated. Typically,
such elements are general enough to be applicable to a wide variety
of jobs.
A work dimension is a statistically derived construct representing
work elements which coanonly occur together in positions/jobs.
A job is a group of positions in which major tasks are similar
enough to justify a single analysis within or across organizations.
A job fami!y/cluster is a group of jobs or occupations which have
Sconmon characteristics.

PREVIOUS PAGE
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The quantitative approach promotes more objective and systematic in-
vestigation of the relationship between work units. Ccmunly tasks, duties,
and work elements/dlmensions are used to analyze positions, jobs, or oc-
cupations. Molecular analysis of task and duty similarity between positions
or jobs is typically done within the sane organization, whereas More molar
analysis of work element/dimension similarity between jobs and occupations
is typically done across organizations. The relationship between these units
of job analysis form a hierarchy for the study of work (Pearlman, 1980).
Individuals performing tasks represent positions, positions containing simi-
lar tasks are grouped to form jobs, and jobs with common work elements/
"dimensions are grouped to form job families. A pictorial representation of
these levels of work and descriptive measures, adapted from Pearlman (1980),
is presented in Figure 1.

QUANTITATIVE TARK TAXONOMIC RESEARCH

Prien and Ronan (1971) drew two conclusions fran a review of job ana-
lytic research. First, they found that few studies provide basic and
generally useful information about work, workers, and occupations. Second,
data from various job taxonoaic efforts were not comparable because of pro-
cedural and measurement differences. Jones and DeCoths (1969) conducted a
national survey of firms about their use of job analysis and attributed
management dissatisfaction with these programs to a lack of standard quan-
titative techniques for gathering, recording, and presenting job information.
Pearlman (1960) echoed the importance of systenatic job analytic procedures
in the development of a taxonomy of work performance:

The development of strategies for classifying and grouping
jobs in some systematic fashion thus appears to be an es-
sential step in the effort to devise a unified taxonomy of
work performance, that is, one that addresses the relevant
characteristics of both people and jobs. (p.3)

From both the theoretical and applied standpoint, standard quantitative work
measurement procedures are important in the study of work.

Systematic procedures for studying jobs are available from quantitative
job analytic research. These methods most often employ structured job
questionnaires to gather information about the work accomplished in jobs
within specified occupational areas. Probably the best example of this
methodology is the task-inventory approach developed by the USAF and other
services (Christal, 1974). Overall, the strnctured job analysis question-
naire has proven to be an econcmical and reliable tool for collecting job
information. Taxoncmnic research to define common work denominators suggest
new uses for this data collection technology.

Paralleling these improvements in data collection are conceptual ad-
vances promoting theoretical and practical interest in work taxonomic research
(Cunningham, 1974; McCormick, 1979; McKinlay, 1976; Pearlman, 1980).
Cunningham (1974) called the required technology for taxonomic definition
and measurement of work "Ergcmetrics," and defined it as "the application of
psychcmetric principles and procedures to the study of Ihuman work" (p. 7).
Both McCormick and Cunningham have identified work activity/condition
descriptors to serve as common denominators in job description and classifi-
cation. These descriptive statements, applicable to jobs throughout the
occupational spectrum, are pramising variables for a comprehensive work
taxononic system. M1oreover, job elements can be linked to defined human
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attributes for which there are tests (McCormick, Jearineret, & Mecham, 1972;
Pass & Cunningham, 1975), and can be used to cluster jobs with similar
activity or attribute requirements (Pass & Cunningham, 1978; Shaw, DeNisi,
& McCormick, 1977).

It is our thesis that the required tools for a comprehensive work
description and classification system are psychometrically based job activity
questionnaires (Cunningham, 1974). Two such questionnaires have been con-
structed with consideration of the "job-oriented" and 'vvrker-oriented"
dichotcmy in work activity descriptors proposed by McCormick (McCormick,
Cunningham & Gordon, 1967). The Position Analysis Questionnaire (PAQ) is
primarily made up of wcrker-oriented activity statements (McCormick et al.,
1972), while the Occupation Analysis Inventory (OAI) is both job- and
worker-oriented (Cunningham, Tuttle, Floyd, & Bates, 1974). Both instruments
portray work through an information-processing model with similar item cate-
gories. These inventories are representative of the state of the art in
collection of quantified job activity information, and their descriptive
taxoncmies reflect job- and worker-oriented activities oammon to the world
of work. However, widespread data collection with both of these instruments
is scmewbat limited by their couplexity and the demands they place on the
rater.

PROPOSED STUDY

Existing job activity inventories are often irpractical because trained
personnel or highly educated raters are required to collect job data with
then. This study has two primary goals. First, we plan to develop a gen-
erally applicable structured work questionnaire which is simple enough to
be completed by job incumbents. This instrument should be brief, clear to
the typical job holder, and present a straightforward job rating task.
Secondly, we hope to demonstrate how the questionnaire can be used to define
activity/condition dimensions of jobs and how these dimensions can be used
to meaningfully classify jobs. A practical questionnaire would not only
facilitate the collection of quantitative information about jobs, but would
also parmvte the use of a ccmmon language between eaployer and employee. A
description and classification system based on such an instnment could find
use in both personnel management and employment counseling.

In the proposed study, we plan to apply the previous OAI research to
the following objectives:

a. Develop a set of work descriptors based on factor analyses of the
original OAI items by Boese and Cunningham (1976).

b. Incorporate the resulting work variables into a structured question-
naire which can be administered to joh incumbents. This instrument will be
referred to as the Ceneral Work Inventory (GWI).

c. Apply the GVI to a sample of Air Force jobs performed by skilled
personnel. Different rater groups will analyze the same and different jobs.
The resulting ratings will be used to determine item reliabilities within
groups and rater agreement across groups.

d. Determine the factor structure of the GWI elements and investigate
the construct validity of the resulting GWI dimensions. Dimension validity
will require evidence of factor stability and relevance to human attribute
and job content criteria. For example, relationships between the GWI dimen-
sions and worker aptitudes will be determined by regressing the G1I factor
scores and aptitude-requ~i renent estimates for a sample of jobs against their
mean incumbent aptitude test scores. (Established aptitude-requirement
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indices for jobs, such as relative learning load or cutoff scores, might
also serve as criteria in the regression analyses.) In addition, it will
be determined if existing Air Force job categories (i.e., content groups
and groups based on the principal aptitude requirement) are significantly
discriminable in terms of their mean GWI factor scores and aptitude-require-
ment estimrates.

e. Apply the G(I dimensions to the development of a job taxonamy by
grouping the sample jobs on their factor-score profiles. The obtained
cluster structure will be checked for stability and meaningfulness. The
Air Forn classification scheme and overall job-similarity groupings will
be used a; criteria for comparison to the (MI-based job taxonomy. Addi-
tionally, if the (MI dimensions are relevant to aptitude requirements, the
mean aptitude test scores of job incumbents should differ significantly
across clusters.

The G1I is designed as a short version of the OAl which can be adminis-
tered to job incumbents and experts. "Man is viewed as an information
processing systen which transforms information input into prescribed out-
comes" (Cunningham et al., 1974, p. 8). This franmwork is suited to the
process view of work (i.e., input-thrvuglvut--outpit) described earlier and
relates to existing inventories as presented in Figure 2. The GWI elements
are generated primarily from the OAI work dimensions, which represent types
of tasks and conditions caumcnly occurring in the world of work. These
elements should be suitable for job description and relevant to measured
human attributes. The dimensions derived from GWI elements will cover
broader aspects of related work which can be used to profile jobs for de-
scription, comparison, and classification purposes.

The target population in this study consists of the jobs performed by
skilled (i.e., 5-level) enlisted personnel in the USAF. The Air Force
Military Personnel Classification System grnups positions in which related
work is performed into specialties. (Jobs and specialties will be used
interchangeably in this discussion.) The underlying principle of specialty
formation is that the positions included have similar work requirements and
therefore require similar abilities. The specialty will be the primary unit
of analysis in this study. A sample of at least 200 5-level jobs (specialties)
will be selected to represent the existing classification scheme. This sample
should provide a reasonable representation of the ability and other work
requirements in the target population.

Participants in this study will perform one of the following tasks:
rate a position or job with the GWI, judge the pairwise similarity within
a job subsample or rate the relevance of Armed Services Vocational Ap-
titude Battery (ASVAB) ccmposite areas to GWI elements. Four different groups
of personnel will rate enlisted 5-level specialties: Job incumbents (INC),
their supervisors (SUP), occupational analysis specialtists (OAS), and
"promotion test development personnel (PTD). Ratings by non-INC groups will
be obtained to determine the reliabilities of different rater sources and
agreement among these sources. Senior promotion test reviewers and occupa-
tional analysis personnel from the Occupational Measuranent Center and career
field functional representatives fran the Manpower and Personnel Center will
each judge the pairwise similarities of approximately 25 jobs. (All non-INC/
SUP job raters and similarity judges will revlew fonmal job descriptions and
relevant occupational analysis information when completing their respective
rating task.) The pairwise job similarity ratings will be used to create a
job similarity matrix as a basis for grouping jobs. Several ASVAB test
developmient psychologists from the Human Resources Laboratory and personnel
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Figure 2. Work analysis frameworks.
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psychology graduate students and staff frai North Carolina State University
will rate the relevance of major ASVAB areas to G@I elevents. The mean
relevance ratings for each element will be used as weights to derive aptitude-
requirement estimates for jobs, according to McCormick's job camponent
validity procedure (McCormick, Cunningham, & Thornton, 1967).

The process of collecting GWI job ratings is relativcly straightforward.
Questionnaires will be mailed to INC and their SLIP, and ratings by OAS and
PTD will be controlled by a liaison at the Occupational Measurement Center.
Several INC in each job will rate their positions with or without the as-
sistance of their SUP. A subset of 40-50 jobs, in career ladders undergoing
Staff Sergeant promotion test revision during the administration period,
will be rated by all groups. For these cammnly rated jobs, INC and their
SUP will in9ependently rate the INC's position; whereas in all the other
150-160 jobs INC and SIP may work together to rate the INC's position. In
order to collect three ratings for each job from non-INC/SUP groups, we
will ask each OAS to rate about four of the common jobs and each PTD to rate
the 5-level job for the career ladder in which they are developing the
promotion test.

The following analyses will be performed:
a. Interrater item reliability analyses. These analyses will be

carried out within each of the tour rater groups (INC, SUP, QAS, and PTD),
and ratings wil be compared for agreement across the four groups.

b. Ccmputation of aWI aptitude-requirement estimates for jobs, fol-
lowing McCormick's job criponent procedure. These estimates will be derived
by combining job ratings on the GWI elements with those elements' aptitude-
requirement weights.

c. Factor analyses of the GWI elements. These will include factor
analyses of sections (or groups) of (WI elements, as well as an overall
analysis of the entire set of elements. A factorial stability analysis will
involve: (1) dividing the job sanmle into two equivalent subsanples, (2)
performing independent factor analyses with both subsamples, and (3) ompar-
ing the results for replication across the subsamples.

d. Cluster analyses of jobs. The jobs in the sample will be cluster
analyzed on two bases: (1) similarities mrvng their GMI factor-score
profiles and (2) analysts' pairwise job similarity judgments. The clusters
derived from these two data bases will be compared for agreement with each
other and with the Air Force classification scheme.

e. Several construct validation analyses will be carried out, incl- uding:
(1) regression analyses of jobs' G(I factor scores and ability-requirerent
estimates against the ability test scores of job incuments (and possibly
against the established test cutoff and relative learning load scores for
the jobs); (2) analyses to determine the discriminability of GWI-derived job
clusters in terms of the ability test scores of incumbents in the jobs
comprising the clusters; (3) analyses to determine the discriminability of
existing Air Force job categories (both content and aptitude groupings) in
terms of the GMI factor scores and ability-requirument estimates of the jobs
comprising those categories; and (4) the cluster comparisons mentioned in
paragraph d above.

WORK CLASSIFICATION SYSTEM UTILITY

Successful performance of the QrI in this study would support continued
research of this general approach in Air Force work analysis. An effective
occupaticnal information system would cover a range of descriptive specificity,
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from task statements 'applicable to restricted groups of positions), to more
general work elements and diinensions (applicable to the broad occupational
spectrm•O. The utility of the system would also depend on its ability to
interrelate the different types of descriptive variables (e.g., tasks, work
eleaents/dirensions, and htman attributes). The task inventory would remain
the major methodological component in such a system, supplemented by one
or more instrrerts containing descriptors of a more general nature.

A quantitative w;ork taxoomh would have ntmerous applications for
describing, relating, and researching the characteristics of jobs and workers.
The identification of work variables applicable to the entire occupational
ckoain could provide a basis for describing and classifying a wide variety
of jobs within the same system. The linkage of these work descriptors to
measurable human attributes would permit determination of relationships
between people and jobs. In a sense, this relational mapping could serve
as a table of contents for understanding commonalities in the work activities
and human requiravmvnts of jobs and job families. Such a system could facili-
tate a variety of human resource development efforts. For example, applica-
tions might be found in such areas as occupational exploration and guidance,
recruitment, job transfer, career development, training, test development,
and selection/assignment.
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Beaton, Albert E. & Barone, John L. Educational Testing Service, Prince-
ton, New Jersey. (Thurs. P.M.)

The Usefulness of Selection Tests

In many selection situations, some predictor of success, such as
a test, is used to discriminate between the applicants to be accepted
and those to be rejected. Usiti, an interpretation of Brogden (1946),
this paper shows the effect of using a correlated variable on the mean
criterion score of the selected group. The distribution of the means
of all possible selections is discussed and a simple formula is pro-
vided for calculating the probability of achieving as high or higher
mean using random selection as opposed to using a correlated variable.
It is shown that even fairly small correlations result in selection

00 decisions that are not often exceeded by chance. The Brogden interpre-
tation and significance test is shown to extend simply to the case of

cl several predictors.

C:

PREVIOUS PACE
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THE USEFULNESS OF SELECTION TESTS

Albert E. Beaton and John L. Barone

Educational Testing Service

Introduction

In many admissions decisions a selection test is used to decide which

memb2rs of an applicant pool will be selected for the available openings.

The correlation coefficient between the selection test and the zollege's

criterion of success, Grade Point Average, say, are often in the range of

.40 to .55 for the applicants who are selected and then enroll. Such

correlations are often squared and then interpreted as the proportion of

variance explained by the predictor. Such a statement is true but is very

difficult for an admissions officer to relate to what the effect is on his

entering class. Some "'etter interpretive scheme is needed.

The purpose of this paper is to show the effect of using a selection

test on the average criterion score of the entering class. The correlation

coefficient (times 100) is shown to be the percentage of improvement of

using the selection test over what would happen on the average if the test

wer, not used. Further, a simple formula is developed for approximating

the probability that selection by chance would yield an entering class as

able or abler than a class selected with the help of a valid predictor.

It is further shown that, for reasonably sized colleges and with reasonable

assumptions, selection using even smalt correlations will almost certainly

result in an entering class that would earn higher criterion scores than

would occur without the selection test.
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1. The Effect of Different Selection Proceduras

Let us assume that an admissions officer has the task of filling n

available .)pnings in a college from a pool of N applicants. We will

call the seltction ratio f - n/N . We will assume throughout that his aim

is to select the "best" applicants in the sense that they are the students

who will perform best on some criterion of coll~ege success such as grade

point average (GPA). The score on the criterion variable is not, of course,

known at the time of admission decision and is never known for applicants

who are not accepted and/or do not enroll.

Let us now number the applicants with an index I (1-1,2,...,NO and

name the criterion variable y . The applicant pool is the population of

interest; we will not assume that it is a sample from some larger popula-

tion. The score of applicant I on the criterion variable y is y

which is the score that the applicant would receive on the success criterion

if the applicant were selected and did enroll. For convenience and without

loss of generality, we will consider the values y to be in standard form,

that is, to have an average value y of zero and a standard deviation S

of one. We do not assume, at this point, that the distribution of the y

Is normal.

Let us first consider what would happen in some extreme selection

situations. First, let us assume that the admissions officer is prescient,

that is, that he knows exactly how each applicant would perform on y if

admitted and enrolled. In this case, the admissions process would be

straightforward; the n candidates who would receive the highest yn would
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be accepted and in this way the average score on the criterion would be

maximized. The decision rule is clear, except for tied yi at the cut-off

point which could be selected randomly. We will call the group selected

this way the optimum group and the mean criterion score of that group will

be called ,l . Another extreme admissions situation is the case in which

the admissions officer knows nothing abozit the applicant pool, at least

nothing that is related to the success criterion. We can consider this

ease as knowing the applicants index number, i , and no more. In this

case, the admissians officer might select applicants at random and hope

for the best. There is a tiny probability that the resultant admittees

would be the optimum group, but there is also a tiny probability of select-

ing the group with the lowest possible average score on y . Yet, with

no useful predictive information available, there would be little else

that could be done.

However, although we do not know what will happen if the applicants

are selected at random, we do know everything that could happen. First, we

know that there are precisely

C = N!()
nC(N - n)!

different ways in which n students can be selected from a pool of N

applicants. Let us number them with the index c (c"1,2,...,C). Each

possible selection would result in a mean score for the criterion which we
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will label yc . We also know that the average of all possible y is

ave(y) c y 0 (2)

that Is, not surprisingly, that the averagc of all samples of size n is

the average of the applicant pool which is zero. We also know that the

variance of the C possible yc is

2 (1i_ $2 1 .$2 1 f 1 -f

var(y - (3)

since the variance of the yi is unity. Proofs of the average and variance

are shown in Cochran [1977]. If the student selection were at random, then

any of the C groups is as likely to occur as any other, and thus the

average mean criterion score over a large number of random assignments would

approach zero. We will label the average mean as y0

Let us now consider a less extreme--and more realistic--situation in

which the admissions officer has some imperfect information about the appli-

cants. Let us assume, for example, that each applicant's dossier contains

his score on an admissions test. We will call that test x and the score of

applicant I on that test xi ; x i is known for all applicants. For

convenience, we will also assume that the scores on x are in standard form

with zero mean and unit variance. Let us also assume that, from experience,
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we know that the linear correlation of x with y is p . We will assume

throughout that p > 0 . One possible admissions rule is to select the n

students with the highest scores on x . The question we wish to explore

here is how much better will the admittees be If selected using x rather

than selecting at random.

We do know something about what will happen if x is used for selection.

First, we can partition the criterion scores into two parts

T, ap xI + e1  (4)

where the first part paI is the "predicted" value of y. and e, Is a

residual. Let us call the average yt for the selected group . If we

select the n applicants with the highest scores on a , then the value of

SP 1Yo' + xi + + e 1.1

where Z+ means sumning the scores of the applicants who have the top n

values of a . If the relationship between y and x is linear, that is,

1
the conditional mean of y given x is px , then the term ` +e± will

vanish and thus we may say

SC-Mx+ (6)

where a+ is the average of the top n applicants.
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Comparison of.the average criterion score of selected groups under

optimum information, yl , no Information, y. , and under information

from some correlate, y , leads to an interesting interpretation of the

correlation coefficient which was first proposed by Brogder (1946]. Under

the assumption that the distribution of y is the same as the distribution

of x , then the average of the top n scores on y is the same as the

top n scores on x , although the actual persons having those scores may

be different. Under this assumption. therefore, x+ w Y,, and

p !P_ (7)

that is, the correlation coefficient (not squared) is the ratio of the mean

of the group selected using x to the mean of the optimum group. Since the

average mean of random selections is zero, 100P may be interpreted as the

percent of possible improvement in selection attained by using the selection

test over what would happen, on the average, using random or any arbitrary

selection procedure that is independent of y

Figure I shows the relationships among i0 - yp , and Y, in the

case where the top 1OZ of the applicants are to be selected. The abscissa

represents scores on y and the ordinate is proportional to the number of

applicants with a particular score. The normal distribution was selected

for pictorial purposes. The shaded portion of the curve represents the

top 10% of the applicants which has a cut-off score at +1.28. The average

score of the top 10% is a +1.755 which is the mean of the optimum group,

Yl . The average random selection, y0  , is zero. The line on the graph

between yO and Yj has tick marks to show where the mean of the selected
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group would be if the correlation with the selection test, p , were

+.10,.20,....90. If P - 0 , then the effect of the selection test would

be the same as the y0 and if P - i , the effect is the same as Y "

Insert Figure 1 about here

2. The Probability of Exceeding y by Chance

The improvement of the mean of the entering class using a small correla-

tion; p - .10 or .20, say, may not, at first, seem worth the cost of the

testing effort, but this is seldom so. The alternative would be to leave

the selection to chance, since there is at least some probability that the

chance selection would be better than the selection by a test. The question

to be asked now is: what is the probability of actually selecting a sample

by chance which results in an average y as high or higher than the mean

of those selected by a test? The answer to this question is conceptually

simple since all we would have to do is enumerate all C possible samples,

count the number of samples which have means as high or higher than y ,

and divide that number by C to find the proportion as high or higher than

. However, this direct solution is not feasible since even for a small

problem like selecting 10 or 90 out of a sample of 100 has a value of C

is approximately 1.73 x 1013. However, a reasonable approximation to that

proportion is possible and used here.

The ability to compare random selection against selection by x gives

an opportunity to show the importance of even small correlations in selecting
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FIGURE 1
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an entering class. Figure 2 shows the probability of doing as well or

better by chance than by a selection test using the assumption that the

distribution of y in the unselected population was normally distributed

with zero mean and unit variance.

Probabilities are graphed for applicant pools of 100 and 1000, for

differ'znt selection ratios, and for different values of p . We see that,

in selecting 50 out of 100 applicants, a correlation of .30 is sufficiently

high that chance selection would yield a higher mean than selection using

the test not more than one time in a hundred. If the correlation is .40,

the selected group may range from 10 to 90 and the probability that a group

selected by chance will not excel the predicted group will not exceed one

in a hundred. With an applicant pool of 1000, a correlation of .10 is

large enough so that the probability of selecting a group of 500 with a

larger mean by chance selectiun is less than .01 and a correlation of .20

is large enough so that the probability of selecting a group with a larger

mean by chance is about 1/1000 or less. Thus, the use of a test with even

a modest correlation will almost certainly result in a higher average of y

Insert Figure 2 about here

Figure 3 shows why even such small correlations are useful in selec-

tion. Superimposed on Figure 1 is the approximate distribution of y

for the case where the applicant ponl is 100 and but 10 are to be selected.

The mean of this distribution is zero and the standard deviation is

_/.u .3 . The distribution of yc is very tall near its mean when compared
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FIGURE 2
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to the distribution of Yj which indicates that most of the y are
Cclose to the average and there are few large deviant values. It is true

that the maximum value of y is Y, , but the probability of this

occurring by chance is approximately .577 x 1013 It is to this distri-
betion of yc that the value y should be compared and it is clear
that even for this very small problem the admissions officer is unlikely

to improve on y by chance. For more realistic situations where the
Papplicant pool is much larger, the distribution of YC is even more

spiked and thus the probability of exceeding y. by chance is even less

likely for many reasonable values of p

----------------------

Insert Figure 3 about here

----------------------
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FIGURE 3
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CODAP - AN APPLICATION TO TRAINING

INFORMATION SYSTEM ANALYSIS

C. Derek Beel

Tri ning Design Officer (CODAP)

Royal Naval School of Educational and Training Technology

0 HMS NELSON, Portsmouth P01 3HH, England

M

C: In October q980 a Fleet Management Services Team began a study of the
training management systems at three of the Royal Navy's apprentice

C training establishments. The aim was to formulate system parameters
for a computer in each establishment to replace and enhance the method
of gathering, processing and retrieving information on trainee perfor-
mance and training management/assessment. For budgetary reasons the

CZ, project had to be completed in 13 weeks. It was considered impossible
: to achieve this using conventional interview/analysis processes, and a

system for gathering data by questionnaire for CODAP analysis was
devised. The clustering program OVLGRP proved to be a very powerful
tool for information system analysis and the method adopted was successful
in defining the computer record and system requirements. The project
demonstrated that valid results could be obtained from a complex quest-
ionnaire and indicated that the technique may be useful in management/
organisational studies generally.

'i

List of Annexes

A. Questionnaire Extract - Information Usage Section.
B. CODAP Processing Plan.
C. Training Management Computer Record - CODAP Extract
D. Information Usage Profile - HMS FISGARD Group 6.
E. Information/Job Time Dossier - NMS FISGARD Group 6.
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INTPODUCTION

1. The Royal Navy has used CODAP for job analysis as an input to training
design, Branch structuring, opinion and attitLde surveys since 1073.
Recently it has been "marketed" as a useful and powerful tool for the analysis
of any manpower-based data and for any purpose. The aim of this short present-
ation is to describe the use of CODAP in the analysis of an information system,
as an aid to a management services survey.

DISCUSSION

2. In October 1980, a Fleet Management Services Team was tasked with producing
the system requirements for training management computers in 3 of the Navy's
apprentice training establishments. The survey was concerned with the inform-
ation generated, stored and used in the management of training from individual
details (name, date of birth, religion etc.) through individual progress reports,

class and course results to statistical analysis of tests. The main aims of the
survey were:

a. To identify the data to be held on the computer to satisfy the needs
of training management.

b. To develop a model for the proposed ADP system.

c. To identify duplication of information input, processing and output to
point to organisational improvement (and possible staff savings).

d. To identify mis-matches between the information system and organis-
at ional structure.

There was one other aim:

e. To test the questionnaire and CODWP to establish whether it should be
used for future similar projects.

3. For financial budgetary reasons the system roquirements had to be defined
in the short space of 13 weeks from the start of the project. At discussions
between the survey team and my organisation, the RN School of Educational and
Training Technology (RNSETT) it was agreed that the only feasible me•tOd Of
achieving this was to conduct a questionnaire survey supported by ADP analysis
using the CODAP suite of programs.

4. The use of CODAP to analyse an information system and indeed a management
organisation was to us an innovative extension of its capability. Its program
OVLGRP (overlap and group) which clusters individuals together on the basis of
similarity of task performance was considered to 1w 2 otentially a very powerful
tool for the job. Questionnaire design and data analysis were directed towardr
the use of this program.

QUESTIONNAIRE DESIGN

5. The major component of the 3-part questionnaire was a section which listed
an inventory of data items potentially comprising the training information
system. These were compiled from an examination of the nresent systems and fron



experience within RNSE'" where research and application into Computer Based
Training had been. estaolished for 2 years. 105 elements were identified,
classified into the following categories:

a. Trainee personal details
b. Class details
c. Course details
d. Module detailr
e. Examinations and tests
f. Training documentation
g. Future training requirement

6. Since the aims of the project were concerned p incipally with the intro-
duction of a computer, the various elements of an A•.P system were used to
define activities Epplied to the information items. 5 functions were defined:

a. GATHERING - Collecting information from original source.

Ib. COMMUNICATING- Passing on information by any means.

c. STORING - Recording, filing, keeping information.

d. RETRIEVING - Obtaining information from files or records.

e. PROCESSING - Working on information to change its structure in
any way.

?. To add to the refi nement of the ADP system model it was decided to qualify
involvemeat in any of the activities by a coarse measurement of the URGENCY
attached to its performance and the EFFORT at present needed to achieve it. In
addition for each information element a further response capability was added to
enable resnondents to indicate that the item was not readily available to them
at present, but they would like it to be (NEED). So this part of the question-
naire developed into a matrix of rows of information elements X columns of
activities, each activity split into URGENCY and EFFORT responses, with NEED in
the final column. The 105 information items were thus expanded into 1155
response options. A copy of part of this section of the questionnaire is at
Annex A.

•. It was of course appreciated that this was a complex format and to some
extent experimental; this contributed to the aim of evaluatirg the system for
future use. However, the task of the respondent was eased by only having to
rcore I = yes, 2 = no in each applicable box and to make no response at all if
he was not involved in the item/activity. Scoe weight was also given to the
idea that the reason for the survey - the introduction of a management computer
would provide an element of motivation to do a good job on the questionnaire!

•. The other two parts of the questionnaire were:

Part I - Respcndent background information, and

Part 2 - Apportinnment of Job Time

This latter section was included so that information usage could be compared
with job profiles and comprised 51 training tasks aiainst which the conventional
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CODAP job description was computed from scares of 1-9 indicating relative time

spent.

SAMPLE

10. In each of the 3 establishments just over 100 officers or senior ratings
(312 in all) were identified as being significantly involved in training manageme
Half of them were selected for the survey and completed questionnaires from 155
respondents were processed, distributed proportionately between the establishment

CODAP STRATEGY

11. The keystone of the CODAP strategy was the clustering program OVLGRP and the
questionnaire and processing plan were built around it.

12. Two CODAP files were created from the original raw data file, the background
variables being common to both. The pro.essing plan is shown diagrammatically at
Annex B. In file 1, responses to the URGENCY boxes were formatted as T (task
time) factors; EFFORT and NEED responses as H's (history variables). We were
aware that the range and meaning of responses to the URGENCT factors (1 = yes,
2 = no, 0 = not performed) could not be handled meaningfully by CODAP's job
description (JOBDEC) computation. However, we had in effect a 2-point scale
where a score of 1 or 2 indicated task performance. The job description
calculation of members performing was therefore valid, and we were encouraged
by the conclusions of PASS and ROBERTSON (NPRDC - 1980) that there would be littl
loss of accuracy compared with percentage time results from a 5, 7 or 9 point
scale. A measured statement of the relative performance of training information
activities could therefore be produced easily from the JOBDEC program, by
establishment or selected group, as illustrated at Annex C. This process
established the parameters of the computer training information record.

13. Similarly, for the clustering program OVLGRP the TIME-OVERLAP formula could
not be used, but the TASK-OVERLAP formula, which computes for each pair of
individual job descriptions the average of the ratios of common tasks to total
tasks individually performed, could be properly applied. The program was applied
to the whole file and to sub-sets of the file for each establishment. In each
case the resultant DIAGRAM was examined and nodal clusters were selected;: for
each of these groups programs were run to reveal group membership and "informatioi
usage profiles." Some of the profiles splayed remarkable bias towards one
activity; groups could be identified sE )eing GATHERERS, RETRIEVERS or STORERS.
Annex D illustrates the point. The p ile of group 6 of the HMS FISGARD diaL-ram
shows that these 6 people have groupe ecause they are RETRIEVERS of information
out of the first 75 activities in descen, fi' order of percent performing 65 are
RETRIEVING.

14. Of course by the nature of the clustering formula we should not be too
surprised at this result, but the clarity of job-typing was nevertheless most
rewarding. We were able to identify the rank, organisational position and na-me
of group members so that their similarity of information usage could be related
to their function. This particular group comprised a Commander, 3 Lt Cdrs and
? Lieutenants, most of whom could be classified immediately as being in positions
in the management function where retrieval of information was a logical job featux

19. To come back to the strategy, membership of DIAGRAM groupings was used to
salect job descriptions from FILE 2's job time apportionment section. Using Grou;
6 from FISGARD srain, we could see that the prime duty area is Administration and
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the details of group task performance were readily obtainable from the JOBMEC
printout.

16. Using both files the variable summary progam (VARSUM) was used to produce
qualifying data on each information item on URGNCY, EFFORT and NEED so that
deeper analysis of the system requirement could be carried out. The binary
YES/NO response meant that examination of the modal scores could be carried out
easily.

17. The 2-file methodology employed enabled us to produce dossiers for each of
the selected groups. The dossiers comprised:

a. Group members by name.

b. Members' organisational positions.

c. A job profile histogram of the group and average overlap value of
information usage.

d. Information involvement and activity factors.

e. Information activity - summary of significant features.

The dossier (for FISGARD Group 6 again) is reproduced at Annex E.

CcOcNLUsIoNS

18. These are stated with reference to the aims of the project:

a. Identifying data for the computer record. The questionnaire and CODAP
produced quickly and efficiently a listing of data items; priorities can be
easily established and decisions taken on record length based on training
data usage.

b. Developing the ADP System model. The CODAP clustering program and DIAGRAM
provide an effective means of analysing the information system. There is no
other method available to achieve comparable results within the timescale.
Results would be improved if the whole target population completed the
questionnaire.

c. Identifying duplication of information activity. Duplication can easily
be identified through CODAP. However, it may not be significant except
perhaps in the GATHERING function.

d. Identifying mis-matches between the information system and Orffnisational
structure. The CODAP clustering technique and asseciated programs provide a
unique method of identifying differences. Whether these are mis-matches can
only be ascertained by further and deeper examination.

e. Finally - testing the questionnaire and CODAP in this role. The project
was completed well within the 13 week time limit. The sysBtem has proved to
be sound, efficient and rapid and it is considered unlikely that the job could
have been done in any other way within the time scale.

RECOMMENDATION

19. We have recommended to our management that the use of a CODAP based question-
naire for the recording and analysis of information systems should be placed high
on the list of support facilities to be considered for any management survey in
this field.
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,rqiNEX B
"CODAP PROCESSING PLAN
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ANNEX C

TRAINING MANAGEMENT COMPUTER RECORD -CODAP EXT-RACT
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INFPORM4ATION USAGE PRZOHF!E - JUrS rISCARD GROUP 6 ANNEX D
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AN•EX E

INFORMATION/JOB TIME DOSSIER-HMS FISOARD GROUP 6

rISGARD GROUP ANALYSTS

GROUP 6 (On Part 3 Training Information DIAGRAM)

Members: 6 Organisational Position

Commander YOUNG ADMIN Technical Education: Craft

LT CDR EVANS ADMIN Maths and Liberal Studies Officer

LT CDR CHAPMAN ADMIN General Training Group Officer

LT CDR LEWIS ADMIN Workshops Group Officer

LT IGA.S EXECUTION Maths Instructor

JOB PROFILE
100

'4
.C S

Percentage

Time C

Involvement 6o .9 "

40

20

Work Area

DATA ACTIVITY FACTOR 172/525 PERCENTAGE OVERLAP: 51.9

DATA ELEMENT INVOLVEMENT (P5/105) Potential ACTIVITY NOTE

Trainee Personal Details 29 32 Out of the first 75
Class Details A P activities (in
Course Details 24 29 descending order of
Module Details 10 10 % performing), 65
Examinations and Tests 6 13 nre: "RETRIEVING"

TEC -
Six Part Documentation 5 6
Future Training Reouirement 3 5



Berkowitz, Melissa, US Army Research Institute for the Behavioral and
Social Sciences, Alexandria, Virginia. (Thurs. P.M.)

AREIS: A Computer-Based Educational Counseling System fo: the Army

Soldiers need information about career progression and educational
options to maximize their professional development and their likelihood
of remaining with the Army. Minimal information is provided by Army
Continuing Education System counselors due to the volume of information
needed to make career decisions and the limited time available to
counsel each soldier.

-his paper will discuss one solution to managing the vast quanti-
ties of career development information through the use of an individ-

pmualized computer-based career counseling system. The US Army Research
Institute, with contract support, has produced a prototype computer-
based system called the Army Education Information System (AREIS).
AREIS will assist the soldiers in defining work-related interests,
skills and values to prepare them to identify their educational or
vocational goals. The AREIS will also maintain a data bank for Educa-
tion Center personnel so that career data can be compiled for plan-

C ning and reporting purposes.
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ARETS: A Computer-Based Educational Counseling System for the Army

Melissa S. Berkowitz, Ph.D.

Basic Skills Instructional Systems Technical Area
US Army Research Institute for the Behavioral and Social Sciences

The views, opinions, and/or findings contained in this report are those of the
author and should not be construed as an official Department of the Army position,
policy, or decision, unless so designated by other official documentation.

160



AREIS: A Computer-Based Educational Counseling System for the Army1

INTRODUCTION

BACKGROUND

One objective of the US Army is to produce a combat-ready force through

the development of personal skills and military proficiency. The Army

Continuing Education System (ACES) supports this objective by providing

educational opportunities to soldiers and enabling them to develop career

goals that include military service and post-service education and training.

Army Education Centers (AEC) have been established at every Army post having

a minimum of 750 military members. These Centers provide programs which

1) satisfy the skill development and occupational needs of the Army, 2)

increase soldier potential, 3) enhance job satisfaction, and 4) increase

personal educational growth. Specific offerings for academic education in-

clude the Basic Skills Education Program (BSEP), Advanced Skills Education

Program (ASEP), High School Completion Program, and Service members Opportunity

Colleges Associate Degree (SOCAD) Program. In skill development the AEC pro-

vides language, military occupational speciality (MOS), and occupation-oriented

courses. In the area of skill recognition the Army Apprenticeship Program

and Defense Activity for Non-traditional Education Support (DANTES) Certificate

Training are offered. The AEC also provided education services which include

counseling, testing, and the support of a learning center.

The Adjutant General (TAG) supervises ACES and develops policy and guid-

ance. Each installation/community commander conducts the ACES program through

1. This project was performed for the US Army Research Institute for the Be-
havioral and Social Sciences by the DISCOVER Foundation, Inc. under contract
MDA-903-C-0279.
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the Education Services Officer (ESO) so that educational and vocational oppor-

tunities described in the previous paragraph are made avaiiable to all service

members. The ESO supervises the provision of these programs through contract

instructors and the work of Education Center counselors. The counselors are

required to provide each service member with program information and counseling

during initial training, within 30 days of arrival at new duty stations, an-

nually during the first enlistment, and 30 days prior to separation. The coun-

seling emphasizes military professional development, educational opportunities,

Veterans Assistance Program (VEAP) policies, and postservice educational bene-

fits.

The primary means of delivering information about educational and vocation-

"al opportunities rests with the Education Center counselors. Two developments

have hampered the provision of services by the Education Center staff: the

increasing quantity and complexity of educational and vocational options, with

a resultant explosion of resource information; and the reduction in the number

of Education Center counselors. Education Centers, increasingly understaffed

for the increased workload, are experiencing difficulty in adequately serving

their constituency.

Hence it has become evident that other means of supplying standardized,

up-to-date, easily accessible educational and vocational information are needed.

One such means is a computer-based information system. Over the past two de-

cades, a growing number of guidance professionals have become increasingly com-

mitted to the use of the computer to assist with the access and delivery of in-

dividualized educational and vocational information (Katz & Shatkin, 1980).

The unique capabilities of the computer to store, search, retrieve, and update

large masses of information; to relate educational and vocational data to in-

formation about the user; to simulate an interactive dialogue; and to serve many

, i I I i i I I I16I2



users simutaneously with tailored information have validated the worth of this

technological aid to the counseling process.

The computer-based information system is intended to function in concert

with, not instead of, the activities performed by guidance counselors. As the

computer carries out information retrieving and dispensing functions and cleri-

cal duties, counselors would gain time to perform the professional duties for

which they were trained and for which they are needed -- one-to-one interviewing,

group guidance, and consultation.

This paper will discuss the design and on-going development of a computer-

based educational and vocational information system which is one effort to over-

come the increase of guidance information and decrease of counseling personnel

in the military.

AREIS Army Education Information System

Needs Assessment. The US Army Research Institute for the Behavioral and Social

Sciences (ARI) initiated a research effort to conceptualize and develop a pro-

totype computer-based system which would provide information on military and

civilian education programs related to the Army career progression. This effort,

performed by the DISCOVER Foundation, Inc., under contract MDA 903-79-C-0279,

provided a design for the Army Education Information System (AREIS) based on the

results of a needs assessment survey administered to Education Services Officers

(ESOs) and Education Center counselors at posts worldwide (Harris-Bowlsbey &

Raybush, in press).

The needs assessment instruments were designed to collect data concerning

1) demographic information about the Education Center, 2) the variety and fre-

quency of information requested by soldiers at the Education Center, and 3) ESO

and counselor attitudes about using computers. The instruments were distributed
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to all major commands. The return rate for the ESOs was 72% with 131 of 162

questionnaires mailed back. The return rate for counselors was 64% with 313

of 494 counselors responding.

The following summarizes the demographic data supplied by the ESOs and

counselors. Of the 144 posts responding the permanent population ranged

from 50 to 48,000. The rumber of counselors per post ranged from 2 to 12.

Data indicated that each counselor annually serves between 1,000 and 2,000

soldiers. The average workload Is 1,600 soldiers per counselor.

Counselors indicated that half of their time is spent on one-to-one

counseling of soldiers with the remainder distributed over administrative

duties, orientation/outreach programs, clerical duties, liaison efforts, re-

search and development and other miscellaneous tasks. Counselors provide an

average of two interviews per soldier per year. This represents approximately

64% of their workload. Counselors and ESOs ranked tuition assistance, college

course offerings on or near post, and information about tests (DANTES, SAT,

CLEP) as ACES program information they were most frequently asked about. In

declining order of frequency they were asked about orientation to the Education

Center services, associate degree programs, college credit for military exper-

ience, and BSEP. In ranking information requested about career planning, coun-

selors and ESOs indicated the following in descending order of frequency: de-

veloping a personal career plan in and beyond the military, assessing interests,

and making the transition from a military to a civilian job.

ESOs and counselors also responded to a series of questions to determine

their attitudes about the usefulness of computerization of ACES information now

available in print form. They indicated that computerization of information

about new and existing ACES programs, Department of the Army regulations, master

schedule of courses, ai=d MOS and ciViliaf. OCcupaLiuus wuuld be cunsidetably use-

ful. Counselors and ESOs agreed that a computerized system would provide soldiers



with consistent information and would most likely be used frequently by soldiers.

They also agreed that this type of system would be welcomed by counselors be-

cause it would enable them to counsel more soldiers by reducing their adminis-

trative workload. Counselors also indicated a need for training on the use of

a computerized system. In general, counselors and ESOs were positive about the

usefulness of this type of system as a tool to support Education Center opera-

tions.

AREIS Specifications. The results of the needs assessment provided DISCOVER

Foundation, Inc. with the data necessary to formulate a conceptualization of a

computer-based guidance system designed specifically for Education Center use.

The AREIS is composed of four interactive subsystems. Subsystem I is the

ORIENTATION which is the entry point for the soldier. The objectives of this

subsystem are to I) familiarize the user with the computer terminal and printer,

2) provide instruction about the content of the AREIS, 3) explain the Education

Center services and 4) provide an overview of all ACES programs. The second

subsystem is SELF-INFORMATION which has been designed to help soldiers generate

information about themselves to formulate short or long range goals for their

active duty and beyond. Subsystem II helps soldiers define their work-related

interests, aptitudes, skills and values. Subsystem III GOALS and PLANNINC helps

soldiers identify goals related to career and education and provides details of

ACES programs which can help them azhieve their goals. This subsystem provides

information on the following goals:

1. to improve basic skills

2. to develop new interests for self-improvement or use of leisure time

3. to get some job skills

4. to complete the next step in education

5. to plan a military career

1 '



6. to improve MOE proficiency

7. to select a secondary MOS

8. to get promoted

9. to make a good decision about re-enlistment

10. to make a vocatianal choice

11. to complete an educational degree after leaving the military

12. to make the Army a career

Subsystem IV COUNSELOR-ADMINISTRATOR has been designed to reduce the clerical

workload of counselors and provide them with information to be used during coun-

seling interviews. The subsystem contains data files which include descriptions

of MOSs, civilian occupations, and educational opportunities. These files may be

accessed directly by the soldier through interactive dialogue or by the counselor.

A second part of this subsystem, accessible only by Education Center personnel

contains the Soldier Educational Development Record (DA Form 669) for each soldier,

a master schedule of courses offered on or near the post, and all cours: rosters.

AREIS Field Tryout. A field tryout of portions of the four ARKS subsystems was

"conducted at the Ft. Sill, Oklahoma Education Center in April 1980. The following

segments, which represent approximately one-third of the total system as specified

above, were tested:

1. Subsystem I ORIENTATION: an overview of AREIS, Education Center services

and ACES programs.

2. Subsystem II SELF-INFORMATION: on-line administration of the UNIACT In-

ventory ( c 1978, American College Testing Program). This is a sixty

item interest inventory which provides the respondent with a family of

occupations to examine.

3. Subsystem II1 GOALS and PLANNING: the goal entitled "To complete the



next step in Education," designed to provide information about educa-

tional offerings on or near a specific Army post.

4. Subsystem IV COUNSELOR-ADMINISTRATOR: a demonstration of administrative

documents which may be maintained by computer such as DA Form 669,

master schedule of courses, and summary report data.

The preceeding segments of the AREIS subsystems were programmed in PLANI. (Pro-

gramming Language for Interactive Teaching) on the Army's UNIVAC 1108 Computer

at the Edgewood Arsenal, Maryland and delivered to Ft. Sill in a time sharing

mode.

Twelve counselors and sixty-four soldiers participated in the field tryout.

The soldiers were volunteers who had come into the Education Center for infor-

mation. On-line surveys were given to the soldiers prior to using the AREIS and

after each subsystem to determine their attitudes on the usefulness, clarity,

and interest level. The computer and the AREIS content were perceived useful by

the soldiers for educational and vocational planning. Counselors indicated that

the information provided by the AREIS subsystems was useful and accurate. They

responded favorably to the delivery of educational information to soldiers by

computer.

Future Direction for ARMS. Recently a contract was awarded to the DISCOVER

Foundation, Inc. to complete the AREIS subsystem development and conduct a field

trial of the system at three Army sites. A cost/benefit analysis of alternate

delivery systems for the AREIS, conducted under the previous contract, has guided

the selection of a micro-computer for the AREIS hardware. The hardware systems

compared for the cost/benefit analysis were the maxi-computer, distributed network

of mini-computers, and stand-alone micro-computer. The micro-computer was recom-

mended because it has the greatest cost feasibility, requires a minimum of tech-

nical and clerical support, is easily operated by non-technical personnel, and can
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be readily installed overseas. The AREIS hardware will consist of a micro-

computer, color monitor, and printer. Some limitations of the PLANIT authoring

language were identified during the field tryout. These include the inability

to search data files, clear the screen completely, and remain in contact with

the computer after a five minute delay bctween users. Another authoring language

will be selected for the software development which does not have the above limi-

tations.

AREIS support documentation will be prepared to provide a User's Manual and

a L-ogram for in-service training of ESO's,counselors, and clerical personnel.

AREIS subsystem software will be completed according to the conceptualization

discussed previously. An in-depth field trial of the total system will be con-

ducted at three Education Centers: Ft. Meade, Maryland; Ft. Gordon, Georgia;

and Heidelburg, Germany. The field trial will provide data on the use patterns

of all subsystems, user reactions, influence of system use on soldiers, and

impact of the system on ESOs, counselors, and clerical staff. This effort will

be completed during the second quarter of FY 83.

CONCLUSION

ARI is guiding the development and field trial of the ARKS as one solution

to the problem of the surge of educational and vocational information being pro-

vided by a decreasing number of Education Center counselors. A preliminary

field tryout has indicated that the application of computer technology to Educa-

tion Center operations is most welcome by ESOs, counselors, and soldiers. The

potential payoff for the AREIS may be observed in increased soldier potential,

job satisfaction, and personal educational growth while supporting the occupa-

tional needs of the Army in the defense of the nation.
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I tem Response Time

as a Basis for Ability and Difficulty Measures

Werner Dirke

Federal Armed Forces Office

(Germany)

I Summary

/ For the purpose of adaptive intelligence measurement (CAT)

a model is proposed, which uses response-time data for
C) estimating person parameters and Item parameters on one

scale. It is assmed that there is a close connection

between two relationst ability and difficulty on the

one hand, response-tim. and critical response-time (CRT)o on the other hand. The CRT of an Item is defined as the

mean RT of subjects whose ability equals the difficulty of

C this Item. In such test situations the probability of a

correct answer equals .5. Relevant subject-itsm-combinations

(i.e. critical response times) can be identified by rank-

O ordering the lines and columns of a solution-matrix according

to sums correct. The border (diagonal) between the correct

and incorrect triangle of the matrix Is the guide-line of

the-model. /
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Explanation of the model

Adaptive testing makes no use of the sum of correct answers,
because most of the subjects have the same sum correct,

derived from different item samples. A single correct (or
incorrect) answer gives us only a very rough bit of information.

In fact it tells us nearly nothing. It need& very complicated

scaling methods (as provided for instance by item-response-
theory) to derive estimates of person-parameters from binary

data. I propose to make use of an additional source of data:

of item response-time.
Dependent variables like intelligence scores may be determined

by a host of different independant variables. Most of these

we don't want to be mixed up with variables which we try

to measure. Because in practice we can not identify and

substract the so-called error variance from the empirical
scores and get true scores, we might as well forget about

the error variance in the phase of test construction and test
application and take account of it in the phase of test

interpretation.
For the measurement itself 1 assume that an item-response x
of subject s to item I is merely a function of the relation
between the ability A of subject s and the difficulty D

of item i.

Xasi f (As / Di)

From a correct answer (xsi - 1) I conclude that ability As Is

greater than difficulty D0. And from an incorrect answer

(xsi - 0) I conclude that ability As is smaller than difficulty

Di.

(xsi f l) - AS > Di

(xsi a O) A A8 < Di

L7 2



With a given subject-item-combLiatlen, the probability of a

correct response depends on the relation between the respective
ability and difficulty.

P 8- f (As 1 D€)

The probability psi increases with Increasing ability and/or

decreasing difficulty.

Subject and item are independent componenta of the test

situation. Therefore ability and difficulty may be described

as ordinate and abscissa, or as short sides of a rectang•la-

triangle.

Fig. 1

X.ý

/

-- IAs A

In Figure I the relation between As and D.isl the cotangent

of angle 'Obi

c Ot q 4K i " As / D ,

,. 90 0I - p si
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The smaller the angle the greater the probability of a

correct answer.

The basic assumption of my model says, that there is a

correlation between item-response-time and angel .SI.

In other words:I The response time t5 i needed by subject a

to solve item i is a function of the relation

between the ability A and the difficulty DI

-s A3 a
0
i

tsi cotg c(si

tsi a cotg 90 (-Pad

The most simple relation between item-response-time and probability

of a correct answer would be a linear function. But I don't expect

things to be as simple as that in reality (see Figure 2).

SFig. 2

0 .5; Vto

To every item there is a minimum response-time which may perhaps
be reached at a probability level of .8 or higher. If on the

other hand the probability of a correct answer is very low, i.e.

if the Item is much too difficult for the subject, response-time

•.



will in many cases be relatively low, because the subject

realizes that he has no chance and gives up or guesses. So only

in the middle region, where the probability of a correct answer

is about .5, I expect t5 t to be a linear function of Psi: the

higher the probability the shorter the response-time. Suppose

now that we have a second subject c but the same item. At

least with medium probability of a correct answer (CAT-region)

I expect the following equations to hold true:

cotg 0s1 C-sl tCC

Ac/Do Pci cotg aci 4¢1 tcj

Let subject c be a special subject; i.e. a subject whose

ability equals the difficulty of the item.

Ac - Di

In this case the angle VC i (Fig. 1) will be 450.

t s

450 tci

t M t i

Appointment:

The critical response-time tl of item i, is the man

response-time of those subjects whose ability equals the

difficulty Di. In such cases the probability of a correct
answer to item i is equal to .5.

Ca sl ti tsi45~0 91 ,~i 45ts-•

45.1
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The relation between the individual response-time of subject a
answering item i and the critical response-time of item i
determines the size of angle Oi. The cotangent of this angle
is the relation between the abilhty of subject a and

the difficulty of item 1.

cotg 45 A w ability (ordinate)
t a - subect

D - difficulty (abscissa)
I - item

(Formula 1) ts1 - response-time

t.i - critical AT

For practical use this equation can be transformed into the

following versions:

As - D1  cotg 45 t5i (Formula 2)
t.i

Di A A . tg 45 si (Formula 3)
t.i

Critical response-time (CRT)

The critical RT of an item was defined above as "the mean RT of
those subjects whose ability equals the difficulty of the item".
How can we determine CRT, if we do know neither ability nor

difficulty?

In test situations where ability and difficulty are equal, the
probability of a correct answer is equal to .5. This we can

estimate. The probability psi' that subject a will solve item i
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correctly, has two aspects. There is

- an active probability p". of subject a to solve correctly, and

- a passive probability p., of item i to be solved correctly.

In a solution matrix these two aspects correspond to the

relative frequencies of answers correct in lines and olumes

of the matrix.

Ps 5  .P. 1 p 5  x.i) t nl

2
* P 1i " (tin5 ) " n5

The following check-list outlines the procedure for estimating

the critical response-times for the items:

- item-sample and subject-sample should at best be evently

distributed in respect to ability and difficulty

- give all items one by one in random order to all subjects

on a screen

- measure the time from item-presentation to key-pressing

- make out a solution-matrix and a response-time-matrix

- rearrange the lines and columns of the solution-matrix
so that they both form a rank-order according to sum

correct (see simplified example next page)

- rearrange the te,-matrix in the same way as the x,,-matrix

- make out the p 3 1-matrix (psi - (Ps. + p.1) : 2)

- compare psi-matrix with t 1 in-matrix and find in every

item-column (if necessary by interpolation) the t. -estimate
which corresponds to p 1si .5; if there are two or more

relevant estimates for t.i, compute the mean.
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(tmi

solut ion-matrix response- time-matrix

2 3 4- 5 6 7 f 1 2 3 5 5 6 7
1 + _ + - + - 4 1 3.3 8.9 4.3 5.4 2.6 5.5 8.42 + - + e + 4 - 3 2 4.0 9.6 4.9 6.0 3.0 6.3 10.3 + + + 4 4 4 - 6 3 2.6 7.5 4.1 4.2 2.6 4.4 7.4 - +4 .. . 1 4 5.8 10.6 6.1 7.S 4.1 7.9 6

5 + - + 4 + - 5 5 2.9 8.2 3.9 4.8 2.5 4.8 7o6 + + + + 7 6 2.7 6.8 3.8 4.1 2.4 4.3 6.47 - - - + - 2 7 4.9 10.6 5.4 6.7 3.5 7. 1l0.5
Lf L 51 2 1 ? 3 161 4 11

rearranged
solution-matrix

__ 3 15 [1 6 4 2 7 f a Pa.

a -
6 + + + + + + + 7 1.0
3 4+ 4 + + + + - 6 .86

. . . . . . - .71
+ + + + + - - a .57

2 + + + . . . . 3 .43
7 + 2 .29
4 + 1 .14
f 7 6 5 4 3 2 1

PL 1.0 .86 .71 .57 .43 .29 .14

p 5 1 matrix rearranged RT-matrix

",4 21 7
.0 .93 .86 .79 .71 .64 .57 1.0 6 3.8 2.4 2.7 4.3 4.1 6.8 6.43 93 .86 .79 .71 .64 .57 .So .86 3 4.1 2.6 2.6 4.4 4.2 7.4 7.C5 .86 .79 .71 .64 .57 .50 .43 .71 S 3.9 2.5 2.9 4.8 4.8 8.2 7.61 .79 .71 .64 .57 .50 .43 .36 .57 1 .3 2.6 3.3 4 .$ 6 .4 8.0 8.471 .64 .57 .50 .43 .36 .29 .43 2 .9 3.0 4.0 5.3 6.0 9.9 0.47 64 .57 .50 .43 .36 .29 .21 .29 7 .4 3.S 4.9 7.1 6.710.810.5
57 .50 .43 .36 .29 .21 .14 .14 4 .1 4.1 5.8 7.9 7.5 0.6 9.6
.0 .Mw Mr I t 4.1 1 4.W[-3 1_ 5.41 , 7.

-_ I -
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Item calibration

Once we have computed the critical response-time-values of the
items, we can make out the OC-matrix (a( - 45 (tsi : t t)),

on the basis of which ability and difficulty can be estimated

by use of formulas 2 and 3. (See the continuation of our example,

next page). But at first we must decide where the parameter-
scales are to be anchored.

In our example we might arbiarily state that subject No. I has

an ability-score of AI - 100. Mathematically it would be possible

to compute nearly all difficulty-scores by use of response-tires

or alpha-values in the matrix-line of subject No. 1. (Only it".

3 can not be calibrated, because we hane no t 3 -value). But it

is not advisable to do it this way.

For the purpose of item-calibration we should make use only

of those test-situations, where the respective item was given

to a subject whose ability is about as high as the difficulty

of the item and who has solved the Item correctly. As mentioned

above, I expect response-time data to be relatively invalid

indicators fcr the ability/cifficulty-relations, if there is
a great difference between A and D1 So only the tsi-Values

in the diagonal region of the matrix should be used. That means

that we should start with the anchor subject (or anchor-item)

and go along the diagonal into both directions, estimating

alternatively A-values and D-values.

Application

The model was worked out for computerized adaptive testing (CAT).

It makes it possible to estimate a subjects ability on single

items. A calibrated item represents a point on the difficulty

scale. The ability of a subject is assumed to be greater or

smaller than this value, depending on whether the answer is

correct or incorrect. This information can be specified by taking

response-time into account and estimating ability with formula 2.

So the item does not only define an ability liiit, but measures

a certain abilbty-range adjacent to its difficulty-value. Therefore

item-pools for the practice of CAT can be smaller than they are

required for other methods used today. I hope that this statement

will be confirmed by empirical investigations.
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dC -matrix

6 -2463 24.8 30.7 34.2 37.2 41.1

328.5 23.9 31.4 35.0 40.6 45.0

5 7 74 26.6 34.3 40.0 45.0 148.9

128.5 30.3 39.3 45.0 48.8 54.0

2 * 32.9 36.7 45S. 0 j50.0 52.7 66.9

38.4 4.5.0 50.7 55.8 59.3 67.5

41 45.0 153..3 56'.4 62.5 58.2 61.7

As w . cotg~ cc D, A .tgo(s

At - 100 0 6 - At tqo( 1 6 , 100 .tg 39.3 82

D A1  tgIA14 - 100 .tg 45.0 -100

A 5 wD 4 .cotgot 5 4 - 100 .cotg 40.0 - 119

D02 - A 5 , - C2 119 .tq 45.0 -119

A 3 w 02 .cotqo( 3 2 - 119 .cotg 40.6 - 139

07 - A3 I tgio'.3 7 .139 .t9 45.0 =139

A 2 -D 6 . cotg 26 - 82 .cotg 45 -82

D, A2 .tg 12 ' . tq 36.7 -61

A7 DI cotg 71 ' 61 . otg 45 -61

D 5w A t975 ft6 tg 38.4 - 48

Item I 2 [ 3 4 5 1 6 71

61 1119 1? 1 05.0 1 048 52 .7 139 6



The Maintenance Performance System

Dr. Douglas J. Bobko
- Research Psychologist

Army Research Institute

Alexandria, Virginia

The Mainte'jance Performance System (MPS) is a computer-based manage-
ment system designed to improve the conduct and quality of maintenance
training at the direct support level; it has been in operation at a
FORSCOM maintenante battalion for neajy one year. An evaluation of the
system suggests that MPS monitors daily maintenance activities with
relative ease and accuracy. Mrcrover, IS-generated skill and training
information is used by shop personnel to diagnose skill deficiencies and
to guide technical tratning of individual repairmen.,
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Background

The proper and continuous maintenance of Army vehicles and other
equipment is crucial to achieving combat readiness. However, a
number of reports have indicated that, at both the organizational and
direct support level, equipment maintenance procedures are less than
optimal. Typical of recurring problems in maintenance operations are
these: faulty diagnosis, failure to recognize equipment failures,
unnecessary part replacement, and failure to conduct on-the-job training.

In an effort to help correct these maintenance deficiencies, and
with the assumption that effective maintenance training helps ensure
efficient maintenance operations, the Army Research Institute (ARI)
developed the Maintenance Performance System (MPS).

The Maintenance Performance System

The primary goal of MPS is to improve the conduct and quality of
on-the-job training of repairmen in their performance of technical tasks
at direct support battalions (a more extensive system for use at the
organizational level is now being designed). To accomplish this, IMPS
provides unit management with current information about the experience,
training and skills of maintenance personnel, and then guides the manager
toward selection of a'ailable training methods and materials to meet
skill and performance needs.

Integration Into Normal Operations

The structure of MPS and its integration into normal operations are
shown in Figure 1. Daily changes in both equipment status and repairmen
experience are recorded and fed into a computer file; in turn, information
about shop performance on an aggregate and individual level is prepared
in report form. These reports from MTPS are given to battalion and
company level managers who use Them to diagnose maintenance performance
deficiencies. Managers can then use specific system-derived guidance to
match training resources with training needs and to develop an on-thp-
job training program.

It is important to note that MPS differs from the current Army
Maintenance Control System (MCS). MCS is primarily designed to provide
information about the status of equipment as it pasAes through the shop
and, unlike MPS, TICS provides no information about individual and unit
skiils, expelience, or training.

D2scriptio7of System

MPS has been in use for nearly one year by two forward support companies of
a divisional FORSCOM maintenance battalion, it currently includes ten Military
Occupational Specialties (MOS) and almost all of the equipment serviced by the
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companies. The MOSs include the high density MOSs of 63H (track vehiclerepairmen), 63W (wheel vehicle repairmen), and 45K (tank turret repairmen).

Technical MOS supervisors feed information into the system through
a set of five simple input forms. Based on observations to date, super-visors spend about ten minutes each week completing them. The information
required on each form is described in Table 1.

TABLE 1. DATA COLLECTION FORMS

Input
Form Title Use

1 Job Order Status One for each job; records time of
each change of job status

2 Job Performance Records amount of time each
repairman works on each job

3 Daily Man-Hour For each repairman, records
Availability available hours, direct hours

and overtime

4 Training/Performance Records accomplished training
Demonstration or testing for each repairman

5. Task Experience Repairman entering system reportprior experience on each task

Day to day operation of MPS is accomplished by a junior enlisted
clerk in grade E3 or E4. The clerk is responsible for collecting theinput forms, key encoding the data inmt the computer (presently an IBM
5120), generating computer-printer reports, and dlstiibuting the reports.
The clerk works full time at these duties.

In all, there are nine different MPS reports and two tables (see
Table 2). One table lists the complete roster of each company and isdistributed to the company office. It is used to keep track of thenumber and type of personnel in the unit on a bi-weekly basis. Theother table contains a list of comments about local conditions that
may affect the interpretation of reports. For example, this table wouldrecord when training holidays occur, because training holidays would
affect the time and direct labor available for maintenance.
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There are 5 different reports which contain data that reflect the opera-
tional status of the unit and these are delivered to relevant personnel
on a bi-weekly schedule. Maintenance managers use information about man-
hour use, time-to-repair, and time in each job status (i.e., awaiting
parts, in-shop, etc.) to locate deficiencies in maintenance performance
and other problems. Maintenance managers are guided in the diagnosis of
problems by an "Interpretation Guide" that is specifically keyed to MPS.

Four other reports, which are produced every six weeks, contain data
that are particularly relevant to the analysis of training needs and the
guidance of training activities. For example, the Individual Skill History
report contains a record of each individual's experience on each MOS technical
task. Experience on a task includes the job exposure that occurs when a
soldier is given a task to perform, more formal training that is provided
to train or refresh skills, and demonstrated proficiency on a performance-
based test. The Individual Skill History report is essentially an automated
procedure for recording the tasks that each soldier performs and is much
like a job book. It also serves as the basis for the Training Requirements
Summary report which actually guides training activity. This report lists
those individuals who have insufficient experience on each task and ranks
the need for training according to the degree of experience and the crit-
icality of the task. Training managers can use this report to identify
those individuals who most need training on each task.,

TABLE 2. MPS REPORT INFORMATION

Table 1 Roster

Table 2 Interpretation Comments

Report 1 Man-hour Availability and Use

Report 2 Average Direct Man-hours Per Job

Report 3 Average Direct Man-hours Per Job by
Equipment and Task

Report 4 Average Job Throughput Time in Days

Report 5 Average Days Spent in Each Job Status

Report 6 Skill and Growth Indices

Report 7 Skill Development Summary

Report 8 Individual Skill History

Report 9 Training Requirements SummaryIII
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Evaluation of MPS

MPS has bee, in operation for several months without the assistance
of or supervision by ARI. Several visits and observations during this
time have revealed that MPS functions smoothly on a day-to-day basis,
e.g., forms are routinely attached to job orders and filled in, data is
collected and entered into the computer regularly, and reports are
printed and distributed appropriately. A more detailed analysis of MPS
was conducted, however, to evaluate the accuracy and validity of MPS
information, and to determine the extent to which MPS training reports
affect the conduct and content of skill training in the maintenance shops.

The first objective of this evaluation was to determine the accuracy
of information being entered onto the more critical MPS forms. This was
done in light of the fact that MPS report interpretation and consequent
command action is predicated on confidenc? in the accuracy of MPS
statistics; data input quality is a fundamental problem for any such
system.

A second objective of the evalution was to assess the validity of
MPS-generated individual skill indices. The skill index, which is assigned
"to each repairman, can range from 0 to 100 and it reflects the degree to
which a repairman is proficient on those tasks covered by his MOS; the
skill index increases each time a repairman works on a job, receives
training, or passes a performance-based test on a job. (The skill index
is essentially a single number describing the content of the Individual
Skill History report.

Skill indices are an integral part of MPS for a variety of reasons.
For battalion and company commanders, they point to current strengths

and weaknesses in overall maintenance capability, and provide a measure
of the growth in maintenance proficiency. For shop supervisors, the
skill index is an easy reference to those repairmen who require addi-
tional training. To the individual repairman who receives a skill
growth report every six weeks, the skill index can serve as a source of
reward and motivation.

The third ebjective of this evaluation was to determine the extent
to which MPS reports of job experience are used for job assignments and

for setting training priorities.

Accuracy of MPS data

Most of the critical information monitored by M'PS is collected or,

!VS Forms 1, 2, and 3. Hence, a sample of these forms in each company
was examined and checked for accuracy.

NMPS Form 1 (Job Order Status). For two companies and four MOSs, a
total of 67 forms were examined. The information contained on these
forms was compared with similar information contained in the job folder
which normally follows a job through the shop; shop officers were also

qaestioned about data entries on this form. It was found that the
informat.ion contained on MIS Form 1 is generally consistent with that of

DA Form 2407 and with verbal reports from shop officers. The most
frequent problem was an incorrectly entered or omitted job code; this
occurred on six of the forms examined.

.Ž1



MPS Form 2 (Job/Task Performance). A total of 18 Form 2s were

chosen across the two companies and for four MOSs; at the time of their

selection, these forms represented shop work completed within the last
48 hours. The repairman (and their supervisors) listed on these forms
were questioned about the jobs they had recently performed, and the
length of time each job required. In each case, the names listed on
Form 2 were consistent with reports from repairmen and supervisors,
i.e., those repairmen who performed the job received credit for it.

The accuracy of job completion time data was more difficult to
determine, however. Since there are occasional interruptions in work,
and because start and stop times are not recorded with a stopwatch, job
completion times are generally rough estimates. Based on reports from
repairmen and supervisors, the total job completion time is typically
rounded up to the nearest hour or half hour, so that the magnitude of
error increases as the job completion time decreases. For this sample
of forms, however, there was no instance in which repairmen's reports of
job completion time differed from MPS data entries by more than 60

minutes.

HMPS Form 3 (Daily Han-Hour Availability). Fifty-five forms were
reviewed, which represent both companies and four MOSs. From interviews
with shop sunervisors, it is clear that available man-hour entries are

accurate but that the direct man-hour entries are predominantly inac-
curate. For example, it is a common practice with Form 3 to enter 7
D G direct man-hours for repairmen who worked only 4 or 5 hours.

That direct man-hour entries are inflated was confirmed by a cross-check
for Forn 3 with Form 2 (which records Job performance time for each
repairman).

Validity of MPS Skill Index

To assess the validity of the MPS skill index, the indices were
compared with independently obtained job performance ratings of each

repairman. In short, each repairman tracked by MPS was rated by both
his supervisors and his peers. Ratings were made with the use of an
ancbored scale, where a 0 performance rating indicated a repairman who
required constant and total supervision on a job, 50 indicated that some
supervision was required, and a performance rating of 100 meant that the

repairman could perform a task successfully without any supervision.
Thrae ratings were obtained for each repairman, the first rating was to
indicate a repairman's general performance in his MOS, and the remaining
two ratings were to indicate his performance on two different but speci-
fic tasks (which differed for each MOS). In all, usable ratings were
obtained from 20 supervisors and 50 repairmen, representing four MOSs
(63H, 63G, 52D, 45K) and three companics.

Pearson product-moment correlations were calculated to determine
the relationship between MPS skill indices and performance ratings; for
each rater, a correlation was obtained between the performance ratings
he assigned to repairmen and those repairmen's skill indices. While
only a handful (16%) of these correlations were found to be significant,
the majority (86%) of them were positive. In all, these results suggest

a small yet positive relationship between MPS skill indices and performance
ratings.
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Effects of MJPS on Training/Job Assignment

Structured interviews were conducted with shop supervisors, team
leaders, and selected repairmen to determine what effects MPS feedback
has on maintenance training, job assignment, and morale or motivation.

Although attitudes toward MPS as a training information source and
guide were generally positive, the actual use of HIS feedback for train-
ing purpozes was varied and apparently related to two factors, super-
visory level and MOS density: Warrant officers, for example, use MPS
feedback more often than team leaders, and MPS reports play a greater
role in larger maintenance sections that in smaller ones.

SMPS skill training reports were used for training purposes in the
following ways: (1) to assign jobs to work teams, i.e, a team which had
done some job least often would be assigned that job over other
teams, (2) to temporarily shift a repairman from one team to another in
order to gain experience on some job, (3) to serve as a memory refresher
about which repairmen require training on critical skills, and (4) to
log entries into job books.

Interviews with repairmen revealed that individual skill history
reports had little effect on morale or motivation for two reaons.
First, the skill history reports are distributed infrequently (every six
weeks) and second, the reports list which jobs have been performed but
not the quality of performance.

Discussion

The primary purpose of MPS is to improve the conduct and quality of
on-the-job maintenance training. Toward this end, and as a prototype
system, MPS appears to have worked well. It has been shown to be a
system in which daily maintenance activities are monitored with relative
ease and accuracy. Moreover, MPS provides unique maintenance training
information and guidance which is used for training purposes by shop
personnel.

The results of the evaluation reported here and other observations
made during the past year suggest several improvements or modifications
of tIPS. For example, modification of the MPS computer program would
allomw a calculation of direct man-hours from information or, MPS Form 2,
thus increasing the accuracy and reliability of the man-hour avail-
ability and use reports ( and eliminating all or at least part of MPS
Form 3). Another modification would be to increase the frequency of
distribution of individual skill history reports, and hence increase the
potential this feedback has for motivation and morale. One other important
improvement of MFS now unuer development is a method of reflecting the
proficiency with which tasks are performed; currently, two repairmen
will receive the same amount of credit for completing a task regardless
of the quality of their work.

"ARI is now working toward a link between MPS and interactive video-
disc instruction. A scenario for the near future is this: After signing
on at a computer terminal, a mechanic is presented with a summary of his
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current work and training history. The computer then identifies the
mechanic's training deficiencies, and directs him toward a specific
videodisc lesson available for use on that terminal. The computer
monitors the progress of the mechanic as he completes the lesson, and
updates his training experience accordingly.

Finally, it should be noted that a maintenance system like MPS on
have an impact on more than the unit in which it functions. Specifically,
maintenance performance information can be fed back to the institutional
training base for use in curriculum design, and it can provide high
quality reference data to the equipment design process.
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The Strategic Weapon System
Training Program

Part I - Description

Frank B. Braun
DATA-DESIGN LABORATORIES, -

ABSTRACT

This paper (Part I of a two part paper) describes the Strategic Weapon System
Training Program (SWSTP) used in the Navy's POSEIDON and TRIDENT Submarine Force.

The goal of the SWSTP is to provide current, comprehensive, job-related training
for Strategic Weapon Systems personnel in support of maintaining the SWS in a
high state of operational readiness. The POSEIDON and TRIDENT submarine systems
are required to operate in an environment where the ships must be completely
self-sufficient, yet maintain their weapon system in a constant "up" condition.
This requirement necessitates trained technicians who can operate and maintain
their equipment without outside help.

The SWSTP, developed and refined over the past 10 years, has five major elements:
Personnel Performance Profiles, Training Path Systems, Curricula, Personnel
Qualifications Guides, and the Personnel and Training Evaluation Program. These
elements and the supporting organization are described.
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BACKGROUND

Training for the POLARIS Fleet Ballistic Missile (FBM) System was reviewed in
the late 1960's and was found deficient in several respects. The actual train-
ing requirements were confusing, training pipelines were excessively long, over-

training was common, trained personnel often were unfamiliar with current techni-
cal publications, and no adequate method existed for evaluating training effective-
ness.

To correct these problems, the Chief of Naval Operations directed the establishment
of the FBM Weapon System Training Program and assigned specific responsibilities
for its implementation and administration. The advent of the POSEIDON and TRIDENT

systems required further refinements to the training program and the name was

changed to the Strategic Weapon System Training Program (SWSTP). The Strategic
Systems Project Office (SSPO) was designated to implement and provide overall

technical control of the program.

PROGRAM ELEMENTS

The SWSTP is a systems apprc--n to training composed of five major elements.

The Personnel Performance Profiles (PPPs) are comprehensive, minimum requirements

listings of the knowledges and skills required to operate and maintain a system,
subsystem or equipment. The PPPs are essentially the result of hardware-oriented

task analyses and are prepared using current information from approved engineering

drawings, technical manuals, training literature, contractor source information

and promulgated operational, maintenance, safety and training doctrine.

The PPPs are in the form of numbered tables corresponding to the system, subsystem
or equipment configuration of the SSBN Weapon System. For example, PPP table

1500 contains items which list knowledge and skills associated with a Naviga-
tion Subsystem. The individual system, subsystem or equipment table consists
of two parts: (1) knowledge items representing the theory, characteristics,

functional operation and procedures involved in the operation and maintenance

of the system, subsystem or equipment; and (2) skill items representing the
abilities required to perform operation and maintenance based on acquired

knowledge.

PPP items are written to encompass all depths (levels) of coverage. No attempt is

made to list every detail of every type of knowledge or skill required. It is

the responsibility of the PPP user to ensure comprenensive detail coverage in

material derived from the PPPs.

The Training Path System (TPS) assigns the knowledge and skill items of the PPPs

to specific Navy personnel in a logical order and to a defined depth of knowledge

and level of skill. For example the TPS indicates which PPP table 1500 items
are required in a particular classification-e.g., SINS Technician-and identifies

the courses which must be taken to acquire those skills and knowledge. The
logical order of those courses forms a training path. The TPS consists of three

components: (1) Training Objective Statements (TOS) which define the level of

training coverage for knowledge anC skill items of the PPP for specific Navy
personnel; (2) Training Path .. a... s....... (T- i which present graphically Lhe F?? items

and TOS levels required for each course and the logical sequence of courses for
specific personnel; and (3) Training Level Assignments (TLA) which assign the

level of training to particular PPP items for specific personnel and also identify

the type of training (i.e., Background, Replacement, Advanced, and Onboard). In



conjunction with the PPPs, the TPS constitutes an effective management tool for
coordinating the development of training materials and for ensuring adequate and
uniform coverage of subject matter, with a minimum of duplication, in training
courses and materials.

Alphanumeric codes are used in the TOS to identify knowledge and skill categories
and depth of coverage. The alphabetic portion of the code indicates the knowledge
and skill category:

Knowledge:
F - Familiarization Theory
T - Theory

Skill:
0 - Operation
P - Preventive Maintenance
C - Corrective Maintenance
M - Maintenance

The numeric portion of a code will be 1, 2, or 3 (3 is the highest level reached
in any knowledge or skill). TOS "TO" is an exception and refers to the back-
ground knowledge and skills usually taught in "A" School. An example of a training
level is "C2," which refers to advanced corrective maintenance skills used in
undocumented fault isolation procedures performed with test equipment.

The TOS for knowledge and skills are grouped into functional task sets according
to three categories of personnel: CO/XO (Coordinate), officer (except CO/XO)
(Direct), and technicians (Perform). Related statements should be read as a group
to more clearly understand each of the statements, the increasing coverage, and
the differentiation between statements. To provide a better understanding of
the TOS, the following diagrams illustrate the increases in level, the relation-
ships between TOS levels, and the paths of training.

am, Stants St. wtm-

I I

-. -i [ --

S-ee. T.. TM 51 I I

I

ir

I I

! 03



Note that in each diagram, a knowledge statement (TOS level, TI, T2, or T3) is
followed by one or more skill statements before another knowledge statement is
required. In other wurds, each knowledge supports one or more skills: Ti supports
01; T2 supports 02, 03, P1, P2, and Cl (02 and Ml for officers); and T3 supports
C2 and C3. In addition, it should be understood that TI is supportive to T2 and
T2 is supportive to T3, although this is not explicitly indicated in the diagram.
Construction of the diagrams in this manner allows diagrams to be modified to
reflect specific training requirements for particular personnel.

The entire diagram or a modified diagram would be applicable to each PPP table
indicated as being part of the training coverage for particular personnel. The
entire diagram reflects the training requirements for personnel associated with
all operation, preventive maintenance, and corrective maintenance.

A TPC, the second component of the TPS, consists of four parts: (1) table
Assignment Matrix, (2) PPP Table Index, (3) Table Assignment Chart, and (4)
Curricula Index. A separate TPC is presented for each group of POLARIS, POSEIDON,
and TRIDENT COs/XOs, officers and SWS technicians.

The Table Assignment Matrix indicates the particular PPP coverage (by PPP table

number) required for training the particular officer group or type of technician.
The table assignment matrix also indicates the TOS levels of training required
for each listed PPP table.

The PPP table index provides the PPP table name corresponding to each table
number. The Table Assignment Chart provides a graphical presentation of a complete
training pipeline for a category of personnel. The chart identifies the areas
of knowledge and skills that personnel of a specific category are expected to
acquire during their training life. If required, the chart may also identify
entry or exit points to or from another training path. The TPC indicates three
categories of training: Background, Replacenent/Conversion, and Advanced/Onboard
Training. The Background, Replacement, Conver&ion, and Advanced training is
conducted in formal courses of study (curricula). The table assignment chart
specifies the PPP coverage provided by each curriculum. Onboad training require-
ments are also specified by blocks indicating particular PP coverage.

The curricula index presents the titles of all formal curricula associated with
a particular table assignment chart. The required TOS levels to be covered by

each curriculum are also listed.

The TLA, the third element of the TPS, indicates those required PPP items
(knowledge and skills) and their assigned levels of training for each group of
Strategic Weapon System officers and each Strategic Weapon System technician.
The TLA further indicates the relationship of the PPP table items to the TOS
codes. The PPP table knowledge categories 1-1 through 1-6 are directly related
to the TOS codes F and T, and the skill categories 2-1 through 2-3 are directly
related to the codes, 0, P, C, and M.

The groups of officers and technicians are the same as those described for the

TPC; therefore, for each TPC there is a corresponding TLA.

Curricula is the third major elemenL of the SWSTP. The curricula are designated

either formal or informal aad are designed to accurately reflect the training
requirements identified in the TPS. Formal curricula are used in training

facilities ashare to provide background, replacement, conversion, or advanced
training. They include Instructor Guides, Trainee Guides, and written and
performance tests.
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The Instructor Guide is the primary element of every curriculum. It establishes

the detailed course learning objectives, sequences the presentation of information.
and programs the use of all other curriculum elements.

Informal Training is received on board submarines and tenders or ashore outside
the formal classroom. Informal training is accomplished either through work under
the supervision of more experienced SWS personnel or through use of instructional
media such as Self-Study Workbooks, Lecture Guides (programmed slide presentations),

and videotapes. Self-Study Workbooks are specifically designed for use on a self-
paced basis and cover topics at system, subsystem, and equipment levels. Informal

training is also used to train individuals on new equipment or equipment altered
from its original configuration.

Curricula materials are acquired and maintained through a comprehensive system
of stage submittals and review which are designed to ensure the use of curricula
which reflect current training requirements on the theory, maintenance, and
operation of the applicable system, subsystem or equipment, and in the proper use
of associated documentation and procedures.

The Personnel Qualification Guides (PQGs) are promulgated by the Submarine Force
Commanders. The PQGs identify specific knowledge and skill requirements or
standards that must be met by personnel to "qualify" or "requalify" for various
watchstations on board a submarine or tender. These qualifications differ from

training in that they require a specific demonstration of ability using the
actual equipment in its operational environment after appropriate training has
been completed. Replacement training provides the necessary knowledge and
skills to pursue those qualifications requiring the least experience.

The Perscnnel and Training Evaluation Program (PTEP) is the final element of the
SVS Training Program and is the quality assurance element. The PTEP measures,
evaluates, and reports on the effectiveness of the program. It is designed to
assist overall training management by providing a capability for training monitor-
ing, evaluation, feedback, and improvements. PTEP accomplishes its objectives by
umeans of personnel testing, collection of test and nontest data, evaluation, and
reporting. Both test and nontest data are evaluated to determine trends, identify
deficiencies, and formulate recommendations for corrective action. Evaluation
results are promulgated in various types of reports which are distributed to
assist commands in increasing personnel proficiency and in implementing improve-
ments to the SWSTP.

Tests are administered periodically to personnel from the time th2y enter train-
ing until the; leave the system. The PTEP utilizes standardized tests referred
to as System Achievement Tests (SATs) and Course Achievement Tests (CATs) for
individual and training program assessments.

SATs are administered periodicall: to all technicians in the SWSTP to measure
overall system knowledge and skill levels. They are also given at the completion
of replacement training and are based on the PPPs and TPS for each technician
group. The primary purpose of SATs is to evaluate the training system. Their
secondary role is to assess an individual's knowledge and skill and those of his
crew.

CATs are administered at the end of each major instructional phase and at the
completion of a formal course. The test cortent is defined by the knowledge and
skill requirements of rhe PPPs and TPS as contained in the Instructor Guide (IG).
Reports of tests are provided to training commands to assist them in improving
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PTEP Data Collection (nontest) is the process of collecting and maintaining infor-
mation, other than test results, to provide the basis for test validity studies,
group performance evaluations, and other evaluations of the SWS Training Program
elements. Nontest data include personal history data, group performance data,
the status of training facilities/hardware/documentation, and other pertinent
statistics.

The PTEP evaluation component utilizes all accumulated data to measure the effec-
tiveness of the training program. Analyses are conducted to measure individual
and crew knowledge and skill levels, curriculum adequany, and hardware reliability.
The analyses are designed to identify and verify deficiencies within the train-
ing program and formulate recommended corrective actions.

Evaluations are normally initiated on the basis of indications from test results.
In certain circumstances, specific evaluations may be initiated as a result of
tactical hardware performance, reporting requirements, particular inquiries, or
changes in personnel requirements, tactical hardware, training facility/hardware
documentation, etc.

PTEP provides a variety of external reports based upon the analysis of test and
nontest data. These reports are designed specifically to assist commands in assess-
ing and improving personnel proficiency and the SWSTP. The most widely used
PTEP reports are: (1) Group System Achievement Test/Group Course Achievement Test
Reports which present a "quick-look" analysis of the results of personnel testing.
They include the current test scores for each personnel category, individual scores
(for both the overall test and for individual knowledge and skill areas within the
test), and an analysis of group performance in each area. (2) Test Evaluation
Reports (TERL) which contain the results of a statistical analysis of each test
item, each skill tesr exercise, and each knowledge and skill area. Data from
TERS provide information about tests, in general, and test items, in particular
that is valuable ir the design and development of replacement tests. (3) The
PTEP Status Report is a semi-annual summary of PTEP testing and evaluation results.
It is Mttributed to activities which have an interest in the current status of
the training program but which are not directly concerned with program management.
(4) Evaluation Reports and Special Investigations which are developed when a
training deficiency is identified. They contain information related to the
deficiency, provide pertinent background data, and recommend corrective action.

SWS TRAINING SEQUENCES

Training sequences are established by manpower resource considerations and system
requirements. The levels of tiaining established by the TPS for Fl, TO, Tl, 1I4,
Cl, 01, P1, T2, and 02 are normally accomplished at the Replacement Training sites.
All other levels of training are normally accomplished in the formal school environ-
ment at the Advanced Training sites and/or the On-Board Training (OBT) environment
for SSBN personnel. All Training established by the TPS for SWS Tender personnel
will normally be accomplished at the Replacement Training site. Tender training
which cannot be conducted in replacement training will be accomplished in the
SWS Tender OBT environment. Typical training sequences for submarine officers
and technicians are depicted below.
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TRAINING SEQUENCES
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i nSWSTP ORGANIZATION

The Sc S Training Program oreanozation is structured to carry out the policy
objectives of the program. The training program orSanSzatQon is depicted in theorganization chart on Figure (1). The CNO provides overall policy guidance,
approvedures for ann e velings requirements for training and evaluation. The
Fleet CINCs, Chief of Naval Material, and Chief of Naval Education and Trainitsimplement the SWSTP through theilr respective organizatons. Chief of NavalTechnical Training establishes formal training courses to support the require-
ments of the TPS and provides, in conjunction wilth SSPO, the specifications and
procedures for planning, developing, im•plementing and maintaining the programs
training material. SSPO provides and maintains current the program elements
for the SWSTP and provides technical coordination and support to the Central
Test Site for PTEP (CTS). CTS conducts the evaluation tests through CTSDetachments at the SSBN off-crew sites. CTS prepares the tests, analyzes andevaluates the data, prepares reports and recommendations for SWSTP improvements.
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The Submarine Force Commanders develop and promulgate the SWS personnel Qualifi-
cation Guides and provide requirements and recommendations for OBT materials toS~SsPo.

The SWS Training Facilities (TF) conduct formal courses and act as Material Pre-
paring Activities (MPA) and as Material Support Activities (MSA) for the SWSTP
Materials Management task.

SWSTP MATERIALS MANAGEMENT

The SWS Training Program materials include management materials, curriculum
materials, and instructional media materials. The SSBN Weapon System Training
Materials Management Plan is designed to provide timely, adequate, and accurate
training materials for the SWSTP. The organizations shown in Figure (1) perform
vital functions in the development and support of SWSTP materials in the following
roles:

The Chief of Naval Technical Training (CNTECHTRA) as the Training Agency (TA)
for the SWSTP exercises command of and provides support to the formal training
effort.

SSPO as the Training Support Agency (TSA) is responsible for supporting the TA
by providing material and other forms of support within its cognizance.
The Personnel Program Coordinator (PPC) is the organization responsible for
planning, designing, and providing a fully operational personnel subsystem
under direction of the TSA. The PPC provides coordination and review of training
material development and support as directed by the TSA. This role is performed
by a non-hardware contractor for the SWSTP.

A Materials Change Activity (MCA) is an organization that develops changes to
training materials, as directed by the TA or TSA. MCAs for the SWS Training
Program are either contractors or Navy activities (e.g., TFs). Materials Preparing
Activities (MPAs) develop, revise, and/or produce training materials as directed
by the TSA or TA. MPAs in the SWSTP are either contractors or Navy activities
(e.g., TFs). Materials Suppnrt Activities (MSAs) are responsible for training
materials surveillance as directed by the TSA or TA. MSAs in the SWS Training
Program are either contractors or Navy activities (e.g., TFs).

SSPO, in its role as the TSA, has developed a "family" of contractors to support
the SWSTP. This group of contractors, both hardware and engineering services,
have developed an expertise over many years in the program which allows them to
respond quickly and comprehensively to new or changed program requirements.

The training materials management program consists of the techniques and procedures
for acquiring and supporting training materials. The development and support of
each of the three types of training materials are discussed in the following
paragraphs.

Management materials consist of documents which contain the PPPs and the TPS and
program management documents which contain specifications and procedures. PPPs
and TPS are developed by contractor and training facility MPAs, coordinated and
reviewed by the PPC, and approved by the TSA and TA. Management procedures and
materials specification documents are developed and supported by the PPC, under
the direction of the TSA, reviewed by program participants, and approved by the
TSA.
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Curriculum materials consist of Inatructor Guides and Trainee Guides or instruc-
tion sheets. Curriculum materials are developed by contractor MPAs or training
facility MPAs, coordinated and reviewed by the PPC, and reviewed and approved
by the TA and TSA.

Instructional media materials are slides, overhead transparencies, Self-Study
Workbooks, programmed super 8mm presentations, Exercise Controller Guides,
Administrator's Guides, and Lecture Guides. These materials are developed largely
by contractor MPAs, but TFs may also produce transparencies and other materials.
The PPC performs coordination and review functions with regard to media materials
development and support. If the materials are developed for use in the formal
environment, they must be approved by the TA with TSA concurrence. If they are
developed for use in the informal environment, they are approved by the TSA only.
Since most instructional media materials are changed by revision only, the change
procedure is identical to tm.e development procedure.

All training materials are maintained current and accurate by surveillance and
change efforts. Surveillance is conducted by MSAs to detect those changes in
documentation, equipment, or procedures that impact the training materials. When
the requirement for a change is identified by a contractor NSA, a TMCR (Train-
ing Materials Change Reco-unendation) is prepared and forwarded to the PPC. Defic-
iencies in training materials identified by Navy activities, such as training
facility MSAs, will be reported by the use of a TFR (Trouble and Failure Report)
or a letter to the TSA. In all cases, the surveillance and reporting of train-
ing materials deficiencies are coordinated by the PPC.

Once the need for a change has been identified and reported, an interim change,
change, or revision may be initiated. Interim changes and changes are prepared
by MCAs and revisions are prepared by MPAs. The type of change required depends
on the magnitude and urgency of the change.

SUMMARY

The operational readiness of the fleet is highly dependent upon well-trained
officer and enlisted personnel. As new weapons and delivery systems become
more sophisticated and complex, the need for adequate and cost-effective train-
ing programs becomes more acute. An effective training program requires accurate
identification of training requirements, uniform training for personnel at all
sites, and 3 timely method for updating materials. The SWS Training Program,
utilizing a systems approach and constant surveillance, meets this need for
the Weapons and Navigation personnel on our strategic submarines.
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Braun, Henry I. & Jones, Douglas H., Educational Testing Service, Prince-

ton, New Jersey. (Thurs. P.M.)

Empirical Bayes Assessment of Differential Validity

An important problem in the assessment of test validity arises
when the population under consideration consists of several distinct
subgroups distributed in varying proportions aý.ross a number of train-
ing sites or programs. Separate prediction equations for each group at
each site may be required, particularly if there is evidence of differ-
ential validity. The authors describe and illustrate a technique,

S, based on the empirical Bayes paradigm, which provides estimates of the
different prediction equations even when the members of a particular
group are sparsely scattered across sites so that unique least squares
estimates are not available. There is no limit to the number ofeq• groups, sites, or explanatory variables that can be considered.

9C
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Unbiased Predictions in Sparse Data Problems

Henry I. Braun and Douglas H. Jones
Educational Testing Service

Princeton, New Jersey

The Graduate Management Admissions Test (GMAT) plays an
important role in the admissions decisions made at many graduate
management schools. A candidate's GMAT score is often combined
with his/her undergraduate grade point average in a multiple
regression equation to obtain a predicted first year average.
This predicted score is but one component in the evaluation of
the candidate's suitability for study. It is extremely important
that these predictions be fair; that is, that nodliscernible group
of candidates have their predicted scores consistently higher or
lower than their achieved scores. This notion of "fairness to the
group" is only one way of posing the problem of prediction bias.
Swinton (1981) provides an extensive discussion of other possible
formulations as well as a lucid survey of the literature on the
subject.

One purpose of this study has been to assess the quality of
the predictions of first year averages in graduate management
school when a single prediction equation is employed for both
black students and white students at a given school. Our analysis
shows that prediction bias does exis: in the sense that a single
equation yields predictions for minority students with low pre-
dictor scores which, on average, tc'nd to be somewhat higher than
the criterion scores they actually achieve. This finding is
consistent with much of the previous research in this area (Rolph,
et al., 1978; Swinton, 1981).

i. second goal has been to develop a new bias-free prediction
system based on GMAT scores and undergraduate grade point average
(UGPA). The proposed system explicitly employs race as a predictor.
Although there are no statistical difficulties, the ethical and
perhaps the legal propriety of this approach is not well established.

Because of the relatively few black registrants in our data
base, it would be virtually impossible for the conventional least
squares procedures to provide parameter estimates for the type of
model we propose. We have employed, therefore, the empirical Bayes
methodology (Maritz, 1970). Although several technical difficulties
have had to be overcome, we have succeeded in obtaining useful
parameter estimates that should prove fairly stable over time.
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The Data and Evidence for Prediction Bias

This study is based on data collacted at fifty-nine business
schools in the academic years 1978-79 and 1979-80. The final data
base consists of about 8500 records of which approximately four
percent represent those of black students.

"One approach to the assessment of prediction bias is to
estimate separate prediction lines for majority and minority
students. However, as in most studies of this nature, there are
three obstacles to such a simple analysis. The first is the compli-
cated nature of the selection process (restriction of range on
measured predictors as well as possible selection using unmeasured
predictors). A second difficulty is the questionable comparability
of the criterion across schools. Finally, small minority sample
sizes complicate the estimation process.

The scarcity of minority data is illustrated by the fact that
of the 59 schools, 4' have five or fewer blacks enrolled per year
of participation in the GNAT Validity Study Service. These 43
schools enroll about 20 percent of the minority students. It is,
of course, virtually impossible to estimate an accurate prediction
line for a school having only five data points, especially with
three predictor variables. Even in the five schools with 20 or
more black students, restriction of range renders it difficult to
appraise the nature of the prediction bias separately within each
school.

Inasmuch as there are only a few schools with moderate numbers
of black students, the simplest way to determine the existence of
predictive bias is to estimate a single multiple regression equation
at each school for all the students. To make the outcome variable
comparable across schools, the criterion or dependent variable chosen

is the Z-score equivalent of the student's first-year average. The
Z-score equivalent is the number of within-school standard deviations
above or below the within-school mean that a particular score falls.

Once the estimated combined vrediction line is obtained by
ordinary least squares, a predicted Z-score FYA is computed for each
black student and is subtracted from that student's actual Z-score
FYA to obtain a residual. For conciseness this is called black
"residual. Within each school, the black residuals are averaged to
obtain a mean black residual. The mean black residual indicates if,
on the average, the combined prediction line over or under predicts
for the black students in that school.
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The results of the computations yield a preponderance of
negative mean black residuals, indicating that the single least
squares prediction line tends to overpredict FYA for black
students at a large majority of schools. Further investigation
reveals that this apparent bias is not related to the fact that
minority and majority predictor scores are concentrated in dif-
ferent regions. More specifically, the least squares line leaves
small, symmetrically distributed residuals for white students
whose predictor scores are located around the centroid of black
predictor scores.

The Empirical Bayes Method

In order to overcome the difficulties mentioned in the
previous section, particularly the problem of small sample sizes,
previous studies have employed various methods of pooling the
data. These have generally consisted of a single regression
equation with several parameters comnon to all schools and a
limited number of rarameters for individual schools (Boldt, 1975;
Tucker, 1963 and Potthoff, 1964). In order to produce stable
prediction systems when many 3mall schools are involved, the
individual school parameters are usually suppressed and a single
equation is employed for all (Wilson, 1979).

An entirely different approach, based on Bayesian principles,
permits each school to have its own prediction equation, even when
sample sizes are small. One methodology has been developed and
implemented by Lindley (1970) and Novick, et al., (1972). However,
the deslied estimates are not easily obtained and their numerical
values are quite sensitive to the computational routines employed.
Furthermore, these estimates can be substantially improved when
many parameters are involved.

Motivated by Bayesian ideas, statisticians have also devel-
oped the so-called empirical Bayes techniques (RobbinE, 1951;
Efron and Morris, 1973) which require reduced specification of
prior information - critical to Bayesian techniques. Instead,
the data is allowed to determine the probable shape of the prior
distribution.

The principal benefit of empirical Bayes, relative to
traditional methods, is that it yields parameter estimates which
are more stable through time and better predictors for future
data (Rubin, 1980). More importantly, in this stady we have
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exploited another aspect of the methodology that permits the
estimation of separate prediction equations for whites and blacks
in each school, even where the number of blacks is too small to
permit the classical estimator to be wtique1y defined. Moreover,
it employs whatever information is available for black students
in a meaningful and plausible way. The following sections will
provide technical details and numerical results.

The Empirical Bayes Model Prediction

The descrlption of the empirical Bayes rdel involves two
components: (1) the conditional distributtmn of the observed
criterion scores given the unobservable parameters and (2) the
distribution of the unobservable paramters themselves. Before
proceeding, we require some notation. As before, i indexes
schools and j indexes students within schools.

Y -J observed first year average (FYA),

Yi M average FMA in school,

"N, - sample size in school i,

Yii - (Y1 j - V±/[ (Y i - Yi)Z/i 9 ]I' staudaidized FYA,

Vij = score on ChAT (verbal),

-Qij score on GM1T (quantitaiive),

Uij - undergraduate grade point average (UGPA),

$1 if student is black
1., if student is white.

The first component of the model can be described by saying that
given h il Blip ... , B7W the observed s-andardized FYA is generated

according to the regression:

(1) Yij = B0 1 + B'AVij + B21Qij + B31Uij

+ Iij B41 + B5iVii + b61%ij + B71Uij + Cij
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where cij are independent normally distributed errors with mean
ij 2zero and unknown variance i.

In this model, if the jth student is black, all eight terms
of equation (1) are employed--in predicting his standardized scare;
if he is white, only the first four terms are used, since I = 0

in that case. In other words, the prediction equation for blacks is
obtained by appending to that for whites an adjustment to the
intercept and coefficients of the three predictors. For example,
the coefficient of UGPA in the prediction equation for blacks is
(B31 + B i), whereas for whites it is simply B3i.

Geometrically, equation (1) is equivalent to requiring two
different prediction planes in each school: one for whites and
one for blacks. Until this point, there has been no mention of
parameter estimation, and either least squares, empirical Bayes
or some other methodolcgy could be employed. However, with the
small minority sample sizes available here, least squares is
entirely impractical. Hence, we augment (1) with some assumptions
which place the model in empirical Bayes frame'crk.

The second component of the model specifies that the vectors
C(Boil Bli.... B71) (i - 1,..., 59) are a random sample from

a multivariate normal distribution, N(iu,E*). The parameters u* and
Z* are not specified, but rather are estimated from the data under
the above distributional assumptions which seem reasonable in this
context.

Even with the normality assumptions, maximum likelihood esti-
mates of u*, E*, and 1i 1(i = 1, ... , 59) can be obtained in closed

form. An E-M algorithm (Dempster, Laird, Rubin (1977)) provides a
relatively simple iterative scheme for finding the maximum likeli-
hood estimates, as well as estimates of their variability. The
latter are required to assess the significance of the differences
between regression coefficients for blacks and whites.

"Results and Conclusions

Our methods and analysis are designed to answer two questions:

(1) Under the two-plane model, are the differences
between the prediction planes for white and black
students statistically significant and of practical
importance?



(2) If practical differences do exist, are the
predictions for black students superior to
those obtained under the classic model?

The first question may be addressed in two ways. One may
compare individual regression coefficients for black and white
students and assess the magnitude of their differences. This
yields a substautial number of statistically significant results
at the 5 percent level. However, instability of individual
coefficients suggests that the second method, described below,
is preferable. Here one considers the differences in prediktions
between the two models at a number of preaelected points in the
predictor space. We have chosen to focus on that point with
coordinates equal to the mean black student score on each predictor
at the particular school. In effect we construct for each school
a typical set of predictor scores and ask by how much the empirical
Bayes predictors of average white student performance and average
black student performance differ at this point.

The results are quite definitive. More than half the dif-
ferences are greater than a quarter of a standard deviation (of
the score distribution in the school). About a quarter of the
differences are statistically significant at the 5 percent level.
The answer to question (I) appears to be in the affirmative.

Turning to the second question, we find that overall the
black residuals from the empirical Bayes model are symmetrically
distributed and smaller in magnitude than those from the classical
model. The only exception is the relatively small group of black
students with rather high predictor scores. They are somewhat
better predicted by the least squares line. This finding is some-
!ihat at odds with what the "regression to the mean" theory would
suggest and deserves further study.

We have also compared how well the predictions of the two
models correlated with the scores actually obtained by black
students. The empirical Bayes model proved superior in this
comparison as well, although the method is not meant to find the
best fit for the particular data at hand. In fact, further analysis
shows the improvement is due to adoption of the two-plane strategy
rather than empirical layes methodology per se. Of course, in this
setting the two-plane model can only be reasonably fit by using
something akia to Bayesian methods.
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Although a number of technical and substantive issues
remain unresolved, we believe that the use of empirical Bayes
methods enables the analyst to successfully construct fair
prediction models in such sparse data problems. Those in-
terested in the technical aspects of this approach should
consult Braun and Jones (1981).
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Bridges, Claude F., United States Military Academy, West Point, New York.
(Tues. A.M.)

A New Approach to Developing Test Scales

Development of new scales from test items usually requires several
hundred cases in each of the defined groups. Application of multi-
variate techniques to existing test scales also encounters such prob-
lems as multicolinearity, combining ipsative with normative measures
and ordinal with equal interval scales, differential prediction and
communication of multiple scale scores to untrained users. To meet
these problems a method was devised whereby multiple scales from
different tests could be treated as items, yielding new scales with
high validities (several in the .90's) and normal to negligible shrink-
age, even when developed on relatively small groups. The results were
well-received by cadets, counselors, and educators, and for two years
have been incorporated as a regular part of the cadet academic coun-
seling program. The statistical development procedures and the results

0are illustrated using the Strong-Campbell Interest Inventory based
academic field 'Interest Profile Similarity Scales.-,
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"A NEW APPROACH TO DEVELOPING TEST SCALES

Mr. Claude F. Bridges, Research Psychologist

Office of the Director of Institutional Research
United States Military Academy

West Point, New York 10996

ABSTRACT

Development of new scales from test items usually requires several hundred
cases in each of the defined groups. Application of multivariate techniques
to existing test scales also encounters such problems as multicolinearity,
combining ipsative with normative measures and ordinal with equal interval
scales, differential prediction and communication of multiple scale scores to
untrained users. To meet these problems a method was devised whereby multiple
scales from different tests could be treated as items, yielding new scales
with high validities (several in the .90's) and normal to negligible shrinkage,
even when developed on relatively small groups. The results were well-received
by cadets, counselors, and educators, and for two years have been incorporated
as a regular part of the cadet academic counseling program. The statistical
development procedures and the results are illustrated using the Strong-
Campbell Interest Inventory based academic field "Interest Profile Similarity
Scales."

PREFACE

The former title was "New Scales from Old," It was changed because it
seemed to be too "cute" and connoted only one of the possible applications.
However it is a succinct presentation of one major application of the concept.
Many well-developed standardized tests, such as the Minnesota Multiphasic Per-
sonality Inventory and the Strong-Campbell Interest Inventory (SCII), have so
many scales that commercial computer scoring services are almost essential,
even if the Keys were available. Adding new scales based on new item keys for
other criterion groups or for special purposes commonly is impractical, and
always requires a large number of cases.

Even when enough cases are available in new criterion groups for use of
the usual multivariate techniques, some very difficult problems often are en-
countered. When independent variables from several sources are to be combined,
the different measures may be ipsative or normative, and may have nominative,
ordinal, equal interval, and occasionally even ratio-type scales. Multico-
linearity of the standard scales commonly results in failure to make full use

IAny conclusions in this report are not to be construed as official U.S.
Military Academy or Department of the AL-my positions unless so designated by
other authorized documents.
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of the information available in the data, since only one of several correlated
scales may be used. This results in loss of precision, reproducibility, and
validity.

If, in effect, scales are treated as test items, multicolinearity of
scales could become an asset. When selecting items for keying to form one
scale, desired multicolinearity is handled by merely adding together the
scores from each item, giving each response the desired weight. This most
commonly is a weight of one, but Claudy (1978) recently showed that a biserial
weighting procedure is superior. Treating standard scales in much the same
way as items, and capitalizing on refinements thus possible, results in a
practical method for developing new special purpose scales from the regular
scales. This method has now been applied, refined, validated, and cross-
validated, three times at USMA--the Academic Years of 1978-79, 1979-80, and
1980-81, and four reports prepared (Bridges: 1979, 1980, and 1981; Shuford:
1980).

METHOD

Overview of New Scale Development

a. Compute, for each variable (such as the standard scale provided by
scoring service), the point-biserial correlation with membership vice nonmen-
bership in the criterion group.

b. Select scales with highly significant correlations (usually the 30 to
60 most significant); use the z-transformation value for each correlation as
the weight (W) to be assigned to scores on that standard scale (n), and sum
their products to obtain the new scale raw score (NSRSC).

NSRSC - Z W Xn n
c. Compute the raw scores and their mean and standard deviation for the

criterion scaling group.

d. Use these to determine the desired New Scale standard score equation,

NS Standard Score = 10* (NSRSC - Mean NSRSC)/SD NSRSC

Variables

a. The 176 scales from the Strong-Campbell Interest Inventory (SCII)
(Campbell, 1977). These included the Holland Theme Scales, the Basic Inter-
est Scales, the Occupational Scales, the Academic-Orientation Scale, the
Introversion-Extroversion Scales, and the administrative scales. The SCI was
selected because of its preeminence as the most extensively researched and
normed measure of an individual's pattern in various types of interests. This
is the basic instrument used in all the projects.

b. The 36 value Scales from the Rokeach Value Survey (Rokeach, 1973).
These short, easy to give, and well-researched measures of an individual's
systems of Instrumental and Terminal Values, previously had been given to the
USMA Classes of 1978 and '79 in connection with other research (Bridges, 1973).
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c. High School Rank Score. The scaled score based on cadet's rank at
graduation from high school was used as an independent variable in the first
project.

d. The cadets' academic averages, by department, on the courses they had
taken at USMA during their first three terms (first study only).

e. Each cadet's final cumulative academic average on the courses required
for their academic area of concentration (in ali three projects), and for
their field of study (in the last two projects). In the first project, each
of the four Area QPA's at graduation were used also as dependent variables for
cadets in that area.

f. A dummy variable for graduation in each area or field. Each cadet was
scored "I" if graduating in the given area, or field, and "0" if graduating in
any other area or field. Only the four areas of concentration (Applied Sci-
ence and Engineering; Basic Science; Humanities; and National Security and
Public Affairs) were used in the first project. Fields for which there were
25 or more graduating cadets were used also as dummy variables for the other
two projects. All of the foreign language fields were also grouped together
as another dummy variable. The dummy variables were the dependent variables.

g. Two experimental dummy variables suggested by Biglan's model (1973).
For one dummy variable, cadets in either of the established paradigm ("Physi-
cal Science") areas received a score of "0." Those in "Nonphysical Science"
areas, a score of "1." For the other dummy variable, cadets in the more
applied areas (AS & E and NS & PA) were scored "1," those in the "purer,"
more basic areas (Basic Science and Humanities) were scored "0" (in second
study).

Samples

The total samples included all cadets in the respective graduating classes.
The numbers varied in the successive analyses due to missing data on one or
more of the variables involved.

Class of Class of Class of
1978 1979 1980

Total 844 843 909

Applied Sciences 299 308 312

Basic Sciences 79 90 137

Humanities 95 62 80

NS & PA 335 333 294

Management (Interdisciplinary) 36 50 86
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Procedure

a. The AY 78-79 study.

(1) The steps summarized in above overview were used to develop three
complete sets of scales to discriminatingly characterize cadets who graduated
in each of the four academic areas of concentration from all other cadets.
The equations for the SCII Occupation Interest-based scales included weights
only for point-biserial correlations significant at the .001 level. A few
correlations with lower significance levels were used for the SCII-based
General Interest scales and for the Rokeach Value-based scales. The three
sets of raw scores were converted to standard scores with a mean of 50 and a
standard deviation of 10, for cadets who had graduated in the upper half of
the class on their respective Area QPA's. These were called Area Compati-
bility Scores, though they did not include direct measures of the cadet's
differential abilities for the courses in each area.

(2) Using the same procedure, four sets of raw score equations were
likewise developed with earned area QPA's as criteria. The set for each area
included an interest pattern raw score, a Rokeach values pattern raw score,
and an early USdA academic performance raw score. The three area raw scores
and high school rank score were combined into four regression equations that
yielded the most accurate prediction of each of the four Area QPA's. These
were used to produce for each group Area Predicted QPA Scores, scaled to a
mean of 50 and a standard deviation of 10 for cadets in the relevant area.

(3) The equations for the new scales developed on portions of the
Class of 1978 were used to compute area compatibility scores and four predic-
tive area QPA's for the entire Class of 1978 and, for cross-validation, also
for the Class of 1979. Since the compatibility scores were for cadets'
guidance in choosing an area of study, distributions of these scores for
cadets in each area were more important than correlations as validity infor-
mation for these scores. These data were tabled for cadets in each half on
their Area QPA.

(4) A simplified computer printout, listing the cadet's compatibility
scores for each area, was provided to a sample of company academic counselors
to obtain experience in their delivery and use.

(5) To investigate the extent to which cadets currently were gradu-
ating in areas closely confcrming to their pattern of interests, values, and
academic abilities, and also to determine the dimensional structure of the
ureas and its conformance to Biglan~s (1973) model, a discriminant analysis
was performed with the four area predicted QPA's as independent variables and
the four areas as groups.

b. The AY 79-80 Study.

(1) The independent variables were limited to those from the SCII.
Cadets graduating in the Classes of 1978 and 1979 were combined. To the
dependent variables were added the 21 fields of study having 25 or more cases.
In addition, cadets in the seven foreign languages werc grouprd together.
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(2) The 21 field of study, and the four Area of Concentration, Interest
Profile Similarity Scales were developed and reported for all cadets in the
Class of 1982. The computer produced profile was used as desired by the Aca-
demic Counselors during their guidance sessions with their cadets.

(3) The counselor's responses to a questionnaire on all aspects of the
Academic Guidance Program were obtained, analyzed, and reported (see Bridges,
1980).

c. The AY 80-81 Study.

(1) The graduating cadets in 1978, 1979, and 1980 were combined by
area and field of study. Thus, it was possible to add four more fields of
study, and refine the few field of study IPSS scales that, in comparisons with
other closely related fields, had been found to yield interpretative anomalies
the previous year. Cadets graduating in Physics and those in Computer Science
had been found t/pically to have higher IPSS scores for mathematics than for
their own field. Likewise, cadets in Literature typically had higher Foreign
Language IPSS scores.

(2) The computer produced IPSS Profile was refined and used by the
counselors with cadets in the Class of 1983 in choosing their field of study.

(3) Questionnaire surveys of both counselors and cadets were conducted
for further refinements of the materials and information on their use provided
in the Dean's Academic Counseling Program.

RESULTS AND DISCUSSION

The FY 78-79 Study

a. Validity. An exceedingly long paper would be required to present all
of the relevant useful results. We can only hit some of the highlights.
(Those interested in more details will find them in Bridges, 1979.) For
guidance in choosing one of the four areas, the primary concern is the rank
of each of the four areas relative to each other, rather than their absolute
magnitude. Thus, one of the best indications of their validity is the extent
to which cadets successful in an area tend to get higher scores for that area
than for other areas. Cadets who graduated in each area were divided into two
groups on the basis of their Quality Point Average at graduation, based only
on the courses directly relevant to their Area. Table 1 presents the mean
score made on sixteen scales by cadets who graduated in each half on their
area specific QPA. Note that beth groups of cadets in each area characteris-
tically had a significantly higher average on their own area guidance scores
than on the guidance scores for any of the other areas. However, cadets in
the Low-Half Area QPA group for Basic Sciences tended to have about the same
or slightly higher scores on the scales for Applied Sciences and Engineering
than on the corresponding scales for their own area. Likewise, Low-Half
Humanities area cadets had the same or slightly higher NS & PA scores than
for Humanities. Incidentally, the regression equations used in developing
the predicted Area QPA's indicate that most of the weight in the predictions
"of Area QPA goes to the cadet's previous academic performance, but the values
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and interest measuzes aCso contributed significantly to increased accuracy of
predictions in all except the Basic science Area. The percent of total pre-
diction of actual Area QPA 2ontributed by each measure is as fol~ows:

USIA
Academic H.S. SCII Rokeach

Area Per.ormance Rank Interest Values

Applied Science 71t 3% 14% 12%

Basic Science 881. 10% - 2%

NSPA 77% 2% 11% 9%

Humanities 65% - 21% 14%

b. Generalizability. Evidence on the generalizability to other classes
of the scaling equations developed on a sample from the Class of 1978 is pre-
sented in Table 2. The percent of the total in each group ranged from about
10% for the Humanities Area groups to about 40% for NS & PA area groups. The
coson correction, dividing the point biserial by the maximum possible fer
that proportion, increases comparability between areas and between scores.
Except for the Area scales based on the Rokeach Values data from administration
to the Class of 1979 about three years previously, the scales demonstrated un-
usual resistance to shrinkage. These concurrent cross-validities are even more
impressive when the small number of criterion group cases in some of the devel-
opmental analyses for the Basic Sciences and Humanities areas are considered.

c. Dimensional Structure of Curriculum. The Physical Science/Non-Physical
Fzience Score results from combining the cadet's selected compatibility and
Predicted Area QPA standard scores into one regression equation that most
accurately distinguishes between cadets graduating in the Physical Science
areas (Applied and Basic Science areas) and those graduating in the other
areas (NSPA and Humanities). The corrected point-biserial corr-lation between
the Phybical Science/Non-Physical Science Scores and membership in the Physi-
cal Science Group or the Non-Physical Science group was .90 for the sample on
which developed, and .85 for the total Class of 1978. When cross-validated by
using the same equations for the Class of 1979, the correlation was .83, still
remarkably high.

Discriminant analysis, using the four areas as groups, and the four area Pre-
dicting QPA Scaled Scores as independent variables, provides confirmation and
further structure to be expected if the USMA curriculum conforms to the Biglan
Model (Biglan, 1973). Pertinent results follow.

Independent Standard Discriminant Function Coefficients

Variables Func 1 Func 2 Func 3

APQPASS +2.143 +1.177 +3.407
BPQPASS +0.449 -0.945 -4.303
NPQPASS -1.709 +0.803 -0.767
!IPQPASS -0.278 -1.840 +1.731

Canonical Correlation .70 .31 .13
Relative % Variance 88% 10% 2%
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Table 2: The Concurrent Validity and Cross-validity of the Seventeen Scores

Correlations between Each .1t of Scores and their Criterion, tor All Cadets
Having Data on the Corresponding Pair of Variables, in the Total Class of 1978
(Maximum N = 733) and in the Class of 1979 (Maxima N = 741). For the
dichotomous dummy variables, the obtained point biserial correlations have
been corrected to same base.

Class of 1978 Class of 1979

SCORES N rpt. bis. r. N rpt. bis. r.

COMPOSITE A/B-N/H 255 (.674) .853 307 (.652) .826

PREDICTED AREA QPA'S
APQPA 115 (-) .860 187 (-) .823
BPQPA 51 (-) .933 31 (-) .922
HPQPA 149 (H) .866 161 (-) .884
"IPQPA 37 (-) .916 24 (-) .862

AREA COMJATIBILITY
STANDARD SCORES

SIMILARITY OF GENERAL
INTERESTS

AGISS 639 (.5274) .685 688 (.4792) .614
BGISS 632 (.3744) .646 656 (.1298) .282
NGISS 639 (.5256) .528 648 (.4675) .592
HGISS 706 (.3038) .494 755 (.1832) .331

SIMILARITY OF
OCCUPATIONAL INTERESTS

AOISS 563 (.4983) .647 580 (.5633) .722
BOISS 582 (.3182) .549 588 (.1815) .395-

OISS 565 (.5050) .643 587 (.5552) .703
110155 604 (.2708) .440 618 (.1534) .279

SIMILARITY OF ROKEACH
VALUES

ARVSS 589 (.2505) .325 539 (.0177) .048
BRVSS £89 (.2581) .445 S59 (.0358) .079
NRVSS 589 (.2177) .277 559 (.1040) .132
HRVSS 589 (.1718) .279 559 (-.0043) .008

The first function, which clearly is Biglan's Established Paradigm dimension,
dominates, accounting for 88% of the explained variance between groups on the
components of the predicted QPA's. The second function conforms to his
"Applied Science--Basic Science" dimension, and yields 10% of the exiJained
var'ance. The USMA areas of concentration provide no groups for Biglao's
"Living organism--nonliving" subject matter dimension.

The centroids on the first two discriminant funczions for the four groups
could conform to Guttman's 1954 criteria for a circumpex, but with only four
poin•s one cannot tell.
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The AY 79-80 Study

a. Combining the Classes of 1978 and 1979 made possible "sharpening-up"
the four Area Interest Profile Similarity Scales (IPSS) as well as the de-
velopment of "Field of Study" IPSS equations. The mean IPSS scores made by
the "high-half' and "low-haif" groups presented the same general picture as
that showa in Table 1 for area interest based scales. In developing these
scales, a higher minimal level of significance was possible, and earlier
"General Interest SCII scales were combined with the Occupation Interest
scales to produce only one score per group. The result was a computer-
produced profile for each cadet in the Class of 1982 which was distributed
and used by their Academic counselors when providing guidance on the choice
of field of study. (For a more detailed technical report, see Bridges, 1981.
For less technical documentation, see Shuford, 1980.)

b. More definitive information on the basic dimensions of the USMA cur-
riculum resulted from the two equations for an Applied Science Raw Score
(APSIRSC) and a Non-Physical Science Raw Score (NPSCIRSC), based solely on
cadets' discriminating interest patterns. Correlations were computed between
cadets' scores on these two scales and their IPSS scores for their own gradu-
ating area and field. The two were also correlated with the dummy variable
for each of 36 area/field groups. The results are depicted in Figure 1.
These data and an 1SS intercorrelation matrix substantiates conformance to
Guttman's circumplex criteria aid to Biglan's model.

Figure 1 indicates that much of the basic simple structure of USMA's Areas oi
Concentration and ields of Study seem to be described by the extent to whic
each is related to both an "Applied Science--Pure Science" dimension and a
"Non-Physical Science--Physical Science" dimension. The locations for area
dummy variables (01 to 05) are largely as expected, and dummy variables for

their fields tend to cluster around them.

Two other characteristics warrant special comment. First, when the point
plotted for each pair of dummy variable correlations is connected to the cor-
responding point for that group's ISS, the ray-like pattern depicts sharply
the general similarity of the patterns of interrelationships for the two sets
of variables. Second, the circular structure of the ISS pattern depicted in
Figure 1 is known as a circumplex. The intercorrelations confirm that in
general the closer the points, the higher the correlations between the ISS
scores. Also, in accordance with Gutman's criterion (Gutman, _954) the cor-
relations between interest similarity scale scores tend to •'e negative for
ISS's plotted directly across the circle from each other.

The basic structure of hte field ISS's clearly shows close conformance to
their area's classifications in the Biglan model, with the single exception
of the Economics field. The figure both provides further indication that the
ISS's are valid and suggests further exploration of the use of these two
dimensions to provide field-choice guidance to the cadets without even one
"interpretative anomaly." A "Map of Fields" (a graph on which is plotted the
centroids for each field) could be provided cadets together with their own
APSCI and NPSCI scores. Khen the cadet plots his/her point on the "map," the
fields which were closest to his/her own interest pattern would be clearly
indicated. This might also be supplemented by a simple individual report of
the cadet's discriMinant scores for each field. These suggestions need to he
chvkcd further as the use of hieher-order factors for practical individual
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prediction purposes often has been found to yield disappointing results--one
reason for initially using it only as a backup procedure.

Incidentally, Army Service Branch IPSS scores developed from SCII scales for
officers in the larger Service Branches also tend to form a circumplex.
Factor analysis found two factors and oblique rotation indicated their nega-
tive correlation of -. 52. The major dimension has Engineers, Ordnance, and
Signal Corps at one end, and Transportation Corps and Quartermaster Corps at
the other. It seems to be analogous to Biglan's established paradigm dimen-
sion. The second dimension has Military Intelligence at one end and Field
Artillery at the other. This may be Biglan's "living organism--inanimate"
dimension. It seems that the Army service branches studied do not have, as a
whole, enough of the Applied-Pure differentiation for this dimension to show
up in this factor analysis. None of the service branches stand out as "pure
researchers."

The AY 80-81 Study

Addition of the cadets graduating in the Class of 1980 made possible the
development of IPSS equations for additional fields of study, and the improve-
ment of the eight field equations for which small interpretative anomalies had
occurred previously. All interpretative anomalies have not been eliminated,
but they have been reduced. High-half cadets in Physics and Computer Science
still have a significantly higher mean IPSS for Mathematics than for their own
field Cadets in Literature still have a higher mean on Foreign Languages
IPSS than on Literature IPSS. Campbell (1977) stated that for some unknown
reason, a few anomalous occupation criterion groups still were found to typi-
cally make a higher score on another occupation scale than on their scale.
Perhaps further study of these field IPSS anomalies can throw more light on
this situation.

The resulting computer-produced profile, sample shown as Figure 2, was dis-
tributed to the cadets in the Class of 1983 by the counselor involved in their
choice of a field of study.

General Comments

The interest similarity profiles have been reported, by both cadets and
academic counselors, as contributing to increased satisfaction and success
of cadets in choice of area of concentration and field of stady. The recent
report of the Evaluation team representing the Commission on :Iigher Education
of the Middle States Association of Colleges and Schools stated as follows:

"We think the academic advising process is outstanding. . . . The recent
development which permits the Company Academic Counselor to use information
developed through the Strong-Campbell inventory instrument is to be commended.
This development, which requires far less training than the use of the inven-
tory itself, enables the cadet 'o know how his or her interests correlate with
the interests oF those who have been successful in the various concentrations.
'This is a very helpful advising tool."

Conclusion

The scales developed by this approach provide valid and useful measures of
the 'inilarity of an individual to a criterion group on important group dis-
criminating characteristics.
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Brittain, Clay V. & Brittain, Mary M., Williamsburg, Virginia. (Fri. A.M.)

Reading Ability, Readability, Motivation and Test Validity

'- According to a prevalent argument about occupational proficiency
testing, multiple-choice tests have built-in sources of invalidity.
One such source pertains to the reading competencies required in taking
a multiple-choice test. The test, it is argued, requires reading
competencies beyond those required by the job itself. Thus, one finds
job incumbents whose job performance is outstanding but who cannot
score well on a paper-and-pencil test. There is also a rather commonly
accepted argument about the interactive effects of reading ability and
motivation on performance. How well one handles written material is a
function of motivation as well as reading ability. The present paper
will analyze the correlation of test performance and reading ability in
relation to the readability of the test materials and the motivation of

I>. examinees.
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Reading Ability, Readability,

Motivation and Test Validity

Clay V. Brittain Mary M. Brittain
Army Training Support Center Virginia Commonwealth University

This study was concerned specifically with the performance of soldiers on

Skill Qualification Tests (SQT) in relation to the readability of the tests.

More generally, the paper also touches upon the effects of soldiers' motivation

and training on SQT performance.

First, we will comment briefly about the makeup and scoring of SQT. Skill

Qualification Tests are made up of the following parts, or components: the

Job Site Component (or JSC), the Hands-On Componmi: -'r HIC) , and the Skill

Component (or SC).

"The Job Site Component (JSC) is not a test in the conventional sense.

Rather, supervisors rate soldiers on their ability to perform certain tasks.

The Hands-On Component (HOC), as the name implies, is made up of performance

tests. Soldiers perform certain tasks under a set of standard conditions

and their performance is scored according to clearly specified criteria.

The Skill Component (SC), as the name does not imply, is a multiple-choice test.

The SQT score is an aggregate of the component scores. The written portion

of the SQT (the Skill Component) is the major source of variance in SQT scores;

and, of course, this is the component where the problem of readability arises.

One of the major concerns about printed multiple-choice tests of occupa-

tional competence is that the test may require reading ability in excess of

that required by the job itself. If an SQT requires reading skills which are

excessive in relation to the reading abilities of soldiers and the demands of

the MOS, then there obviously are serious implications for test validity-
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Soldiers with limited reading skills may not be able to achieve test scores

which are commensurate with their MOS competence.

Major Questions and Methodology

With respect to readability, the study was designed to address three

questions as follows:

(i) Does the readability of SQT match the readability in the target

soldier population?

(2) To what extent is reading ability a factor in the SQT performance

of soldiers?

(3) To what extent is the association between reading ability and SQT

performance modified by other factors, specifically soldier motivation?

These questions were addressed here through analysis of ten SQT and

data relating thereto. The SQT were all skill level one tests. Skill level

one is the lowest of the five skill levels in the Army MOS structure. The

SQT were drawn from the ten MOS shown in Table 1. The first five MOS listed

here are Combat Arms MOS. The latter five are Support MOS (i.e., Combat

Support/Combat Service Support). This mix of MOS was by design.

(Table 1 About Here)

As part of a larger study, data for use in evaluating these ten SQT were

collected from skill level one soldiers who had taken the SQT, and from their

supervisors. The SQT also were reviewed by specialists from the civilian testing

community. The paper draws upon data provided by the field research and the

expert reviews of the SQT.

Match Between SQT Readability and Soldier Reading Abilitv

The readability of the SQT, expressed as a reading grade level (R6L), was

estimated through application of the Flesch-Kincaid reading ease formula which
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uses sentence length and word length to estimate the readability of prose

materials (Kincaid & Fishburme, 1977).

The reading ability of soldiers, also expressed as a reading grade level

(RCL), was estimated from AFQT scores. The average reading ability in each MOS

population was estimated using a conversion scale based upon correlations of

AFQT scores with scores on the Nelson-Denny Reading Test and the Gates-MacGinitie

Reading Test. This conversion scale was developed by the Air Force Human

Resources Laboratory (Mathews, Valentine & Sellman, 1978). Estimates of the

RGL of each SQT and the RCL of the soldier population for which the SQT was

intended are shown In Table 2. These estimates indicate consistent matches

between SQT readability and soldier reading ability. The average RGL of the

SQT generally is below the average ROL of the soldier population. The only

exception to this match of SQT/RCL and soldier/RGL is the SQT for MOS 55B.

(Table 2 About Here)

The conclusion indicated here is that readability is not a major source

of invalidity in the SQT. The conclusion also is consistent with data from

the interviews of noncommissioned officers.

When asked for their opinions as to the major reasons why soldiers fail

SOT, NCO's only infrequently mentioned reading ability.

Reading Ability as a Factor in SQT Performance

It should not be concluded, however, that reading ability is unimportant

in SQT performance. A questionnaire which was completed by soldiers included

the item "I have difficulty understanding the written portion of my SQT."

Soldiers responded by checking one of the following: never, seldom, sometimes,

usually, or always. The percentage of soldiers in each MOS who responded with

"sometimes," "usually" or "always" is shown in Table 3. There is a substantial

proportion of soldiers who reported difficulty in understanding the skill component

(Table 3 About Here)
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Soldier responses to the item "I have difficulty understanding the written

portion of my SQT" were quantified and correlated with SQT scores. The

correlations, while not all statistically significant, were all negative. Finally,

we computed correlations between AFQT scores and SQT scores and regarded these

correlations as estimates of the contribution of reading ability to SQT variance.

The correlations are shown in Table 4.

(Table 4 About Here)

It is pertinent to note here that on each SQT, the reviewers found items

which were complex and unnecessarily difficult in wording. In a number of

instances, these items were answered correctly by even fewer soldiers than would

be expected or the basis of chance.

The conclusion, stated above, that readability of the test is not a serious

problem must then be qualified. Readability of the test and reading ability of

soldiers clearly are factors in SQT performance.

Effects of Soldier Motivation

We now wish to address the third question: to what extent is the association

between reading ability and SQT performance modified by other factors, especially

soldier motivation?

(Figure 1 About Here)

The question stems from a simple model of reader performance (Klare, 1973),

shown in Figure 1. It says, in effect, the reader's performance depends upon

the interaction of three factors: the reader's level of competence, the

readability of the materials, and the level of reader's motivation. Thus, a

highly motivated soldier might effectively deal with materials at a level of

readability that the less well motivated soldier of comparable reading ability

could not deal with effectively. This was an area which we wished to explore.
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As a means of assessing motivation, soldiers responded to the following questions:

How important is to you to get a good score on your SQT?

How important do you feel the SQT is for promotion?

Do you intend to make the Army a career?

Would you recommend your MOS to someone considering a career in the Army?

It was expected that soldiers who expressed their intentions to make a career

of the Army and those who would recommend their MOS to someone else would probably

be more strongly motivated to do well on the SQT. It was also assumed that those

who said that the SQT was important tried harder to do well. But when SQT scores

were analyzed in relation to soldiers' answers to these questions, no relationship wa

found. The absence of an association between SQT scores and soldier motivation

as measured here was unexpected. It may be that our questions simply did not reflect

soldier motivation. But another explanation, and in our opinion, a more plausible

one, has to do with the experience of taking a test. For most people in our society,

taking a test is a stressful situation in which one tries to do their best. We

suspect that this also is true of soldiers taking an SQT. Thus, difierences in

motivation, such as our questions were designed to probe, are overwhelmed and

washed out in the test situation itself.

This suggests that diffe.ences in motivation impact on test scores, if at all,

through prior efforts to prepare for the test. But among skill level one soldiers,

training for the SQT seems not as much a matter of individual motivation as of

unit emphasis. Two indices of unit training are the timely delivery of SQT

Notices to soldiers and the amount of training for the SQT. Both of these indices

are positively correlated with the SQT scores as shown in Table 5.

(Table 5 About Here)

The SQT Notice informs soldiers on just what tasks are to be tested on the

SQT. The correlations between training time and SQT scores may seem surprisingly
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low. But an important element here is the selectivity in training soldiers for

the SQT. The training,at least in many instances, Is based upon diagnostic

information about soldier performance. Those soldiers who are identified as

nonperformers of a task tend to get the most training.

Summary and Conclusions

In summary, the major results of this analysis are as follows:

1. The readability of the ten SQT included in this study generally match

the reading ability in the target soldier population. Thus, readability would

not seem to be a serious source of invalidity in SQT.

2. However, soldier reading ability and SQT readability are important

factors in SQT performance. Evidence for this conclusion comes from reviews

of SQT by outside experts, from soldier responses indicating difficulty in

understanding the skill component of the SQT, and correlations of AFQT and

SQT scores.

3. Individual soldier motivation as expressed in military career intentions,

attitudes toward the MOS, and opinions about the importance of the SQT was not

shown to be related to SQT scores.

4. Unit emphasis on the SQT as reflected in the early delivery of the SQT

Notice and training of soldiers was related to SQT scores.

5. With respect to the question of major interest here, the findings

are negative. This question concerned the association between soldier reading

ability and SQT performance, as the association might be modified by other

factors. There is evidence that SQT scores are associated with reading ability.

But our data did not give evidence that this association is modified by soldier

motivation or unit emphasis on the SQT.
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Table 2

MATCH OF SQT READABILITY WITH

SOLDIER READING ABILITY

SQT READING SOLDIER READING

MOS GRADE LEVELS GRADE LEVELS

1lH 6 9

12C 5 8

13B -.6 8

16? 8 8

19E 6 8

31'L 7 8

55B 9 8

67N 8 10

71L 8 11

76X 9 8
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Table 3

CORRELATION OF REPORTYD DIFFICULTY UlTH

SOLDIER SCORES ON THE WRITTEN

PORTION OF THE SQT

CORRELATION WITH

MOS SC SCORES*

11 -. 30

12C -. 34

13B -. 39

16P -. 04

19L -. 09

31M -. 02

55B e.18

67N -. 19

71L 0.00

*Xegative correlations indicate that

some difficulty resulted in lower
scores.
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TABLE 4

CORRELATIONS OF SQT SCORES WITH AFQT SCORES

SOT SC
MOS M SCORES SCORES

11H - 31 .43 .41*

12C 12 .26 .47

13B 27 .42* .39v

16P2 .22 .32

19E 55 .22 ,37*

31M 17 .48" .41°

55B 27 .30 .25

67N 46 .22 .21

71L 27 .31 .35°

*STATISTICALLY SIGNIFICANT
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Table 5

CORRELATION OF SQT SCORES WITH NUMBER OF WEEKS

SOLDIERS HAD SQT NOTICE AND NUMBER

OF HOURS SPENT TRAINING

MOS SQT NOTICE TRAINING TIME

11H .43* .40*

12C .61* .21

13B .24 .28*

16P -. 06 .25*

19E .28* .09

31M .15 .13

55B .40* .22

67N .15 -. 02

71L .14 .26

76X Insufficient Data .21

*Significant at .05 level
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FORECASTING ARMY OFFICER RETENTION PRIOR TO COMMISSIONING 1

Richard P. Butler, Ph.D., Chief, Research Branch
Mr. Claude F. Bridges, Research Psychologist
Mr. John W. Houzton, Statistician

Office of the Director of Institutional Research
United States Military Academy
West Point, New York 10996

<' Valid selection instruments may help the Army to diminish the problem of
retaining qualified officer personnel after their initial tours of duty. This
report describes, validates, and updates information on the Military Career
Commitment Gradient (MCCOG), an instrument designed to predict, prior to com-

CCI missioning, whether an individual will remain on active duty after his initial
tour. The MCCOG was administered to the U.S. Military Academy Classes of

y 1966, 1967, and 1969 shortly before commissioning, and to the Classes of 1970,
1971, and 1972 one, two, and three years, respectively, before commissioning.

.. The MCCOG scores for all six classes were significantly correlated with the
criterion--on active duty versus not on active duty--gathered seven to nine
years later. The coefficients ranged from .17 when the MCCOG was given three
years prior to commissioning, to .54 when the MCCOG was administered just
prior to commissioning. Possible uses of the MCCOG for any commissioning

o program are discussed..,

1 Any conclusions in this report are not to be construed as official U.S.
Military Academy or Department of the Army positions unless so designated by
other authorized documents.
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FORECASTING ARMY OFFICER RETENTION PRIOR TO COMMISSIONING

A professional officer corps can be developed and maintained only by re-
taining those officers who are qualified and motivated to lead. Perhaps no
other aspect of developing a professional officer corps has been of greater
concern than has the problem of retaining qualified personnel after their
initial tour of service (Edmonds, 1972). One method of overcoming this prob-
lem is to identify, prior to commissioning, those individuals who are not
likely to remain on active duty after their initial tour of service. Prevent-
ing commissioning or career counseling and programs designed to increase moti-
vation for a service career could then be started, if thought useful.

Previous research to identify, prior to commissioning, individuals likely
to leave active duty upon completing their initial tour has not been preva-
lent. The only well-controlled studies that the authors are aware of were
completed by Shenk (1972, 1973) and Butler and Bridges (1978). Shenk investi-
gated the officer input from the various Air Force commissioning programs
concerning the predictability of their future status (on active duty versus
not on active duty). The major finding was that the correlation between a
five-point career intent question and status five years later was .24, a coef-
ficient that Shenk considered rather low. Butler and Bridges, using a one-
question instrument called the Military Career Commitment Gradient (MCCOG) for
two classes at the U.S. Military Academy, found that it had significant corre-
lations of .54 and .39 with status seven years later.

The purpose of this report is to describe, revalidate, and update informa-
tion on the MCCOG, an instrument designed to predict, even before commission-
ing, the probability of an individual remaining on active duty beyond his/her
initial tour.

METHOD
Instrument

The MCCOG (Table 1) is a one-question instrument designed to measure pre-
cisely the strength of an individual's commitment to a military career. The
rationale upon which various characteristics of the MCCOG are based is orga-
nized around the major problems of measurement peculiar to rating scales--such
as controlling the set, providing meaningful and practical scaling of scores,
and insuring that respondents rate the same thing and perceive and use the
same scale. Of special import is the length of the response scale. Instead
of the usual two to five defined areas as alternatives, the scale consists of
99 scaled points on a gradient with definitions placed at 19 locations in
terms of the nornal probability distribution (like T-score percentiles), and
with 13 verbal descriptions selected on the basis of empirical data as to
relative level of meaning consistently implied.

With such a large number of continuous scaled response points, reliability
is quite high. The reliability coefficient of the MCCOG scores, based on
test-retest data, freed of temporal change effects (Heise, 1969), was .83 for
a sample of 564 respondents. Comparisons of validity data on MCCOG, on the
usual five alternatives to essentially the same question, and on a semantic
differential type scale developed by the ARI Sample Survey Group, suggested
that the much higher validity of the MCCOG is at least partially due to its
high reliability.
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Table 1. Military Career Commitment Gradient

This item concerns the intensity of your desire for a career as an
officer in the military service. It consists of (1) a question
and (2) a response gradient extending continuously between two
defined extreme values.

Selected areas on the gradient are described, both verbally and in
terms of probabilities, to provide you with some meaningful
reference points and to provide for more precision in scalar
interpretation.

At selected scalar points, percentages beside the gradient indicate
the judged probability (number of judged chances in 100) of one
voluntarily continuing his active military career until mandatory
retirement. Note, however, you definitely should NOT limit your-
self to the few points for which descriptions are provided.

Because of the procedures for analyzing this item, it is very
important that you follow these instructions precisely, step by step.

INSTRUCTIONS. Complete each step before going to the next one.

Step One. Thoughtfully read the question in the box below:

QUESTION:
To what degree are you now certain that you will

continue an active military career until mandatory
retirement?

Ste Two. At the bottom of the gradient, on the opposite page,
read the =eintion of that extreme point on the gradient.

Ste Three. At the top of the gradient, read the definition
of that extreme point.

Step Four. At the middle of the gradient, the 50% probability
point, reaa the description of that point.

Ste Five. Locate the general area on the gradient which seems
to correspondabest with your current commitment; thoughtfully read
the descriptions of the near points and check the space on the
gradient that most closely represents your current level of
commitment. Do NOT limit yourself to the few points described verbally.

Ste Six. Select the coded letter and number combination at
the left o5 the checked space on the gradient. Enter this as illus-
trated'below. For example, if you had checked the space coded "fl,"
you would mark the answer sheet as follows:
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(Continuing Table i)

ODE MILITARY CAREER OWilwr G rtAD ENIT
J5 - -There is infinite probability that I will continue my motive

military career as long as T possibly can, a career as an officer
J4 ib active military service is more important to me than is any-
43 thing else in the world. There is absolutely no chance at all

J2 thpt anything in the world could ever develop that could cause

J1 me to voluntarily resign.

15 .99.995%

i4

12

"4l1 . 99.9%-I am virtually certain that I will continue my active military

h3 car-er as long as I am allowed to do so--that I will PDT

h4 voluntarily reoign.

h3
2 -99%-l am almost certain I will make a continuing military career If

hl possible.

g5

64 ::!t:
g3

g2 .90%_I am confident that I will make a continuing military career and

gl .85% Not voluntarily resign.

f5
f4 .75%- I am very likely to continue my military career as long as possible,

f3
f2 "65%1 probably will remnan in the military service after completion of

my miTIT ay. obliFation as an officer.

e5 -:5%-O 1 am not inclined the least bit either way at present.

04
e3 ":.35%_1 am not sure but probably will resign aftcer completing my military

obligation as an drrTVW7ý
e2 -25%-I am very likely to resign when I can honorably do so after cca-
01 pleting my military obligation as an officer.

d5 "15%

d4 -10% -At this time, I am confident I will resign my comisslon after

d3 completing my military obligation.

d2 -- 5%

dl
c5

c4 -- I%-As of now, I am almost certain that I will get out of the military

c3 service as soon as I possibly-can.

c2

cl

b5 :_: 0. a am virtually certain that I will r when I can.

b4
b3

bl :-: 0.005%
A5

a4 In my personal feelings, attitudes and thoughts, I am utterly
cor.nitted to a completely non-mlitary occupational career and

:3 life as soon as it is at all possible. There is absolutely no
s2 possibility whatsoever that I will continue as an officer in

OD" the military service beyond my minimal obligated military duty.
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The MCCOG was developed to reflect the result of the interaction of both
intent to pursue and intensity of desire for a military career. Focusing the
instrument on expressed intentions is supported by a literature review con-
cerning employee turnover by Porter & Ste,'rs (1973). They found that ex-
pressed intentions Loncerning future parti'.'ipation in an organization appeared
"to be a better predictor than measures of j,.b satisfaction. For example,
Porter & Steers cited Kraut (1970) who, in a study of managerial personnel,
found significant relationships between expressed intent to stay and subse-
quent employee participation. The correlations were far stronger than those
found between expressed satisfaction and continued participation. Furthermore,
Atchison 4 Lefferts (1972), in a study of turnover among Air Force pilots,
found that turnover was significantly related to the frequency with which
pilots thought about leaving their jobs.

Subjects and Procedure

The MCCOG was administered shortly before commissioning, which takes place
at graduation, to cadets in the U.S. Military Academy Classes of 1966, 1967
and 1969, and in 4ugust 1969 to the Classes of 1970-71-72. The advantage of
the August 1969 administration was that it allowed the predictive power of the
MCCOG to be assessed for Classes which were one, two, and three years from
graduating and commissioning. The results of the Classes of 1966 and 1967
administrations were reported earlier by Butler and Bridges (1978), but will
be included in the current report to give a more complete picture.

Usable returns that could be paired with the criterion of status were
received from 396 graduates from the Class of 1966, 465 (Class of 19o7), 550
(Class of 1969), 539 (Class of 1970), 611 (Class of 1971), and 708 (Class of
1972). The samples were less than the number of graduates in each class be-
cause only those graduates with MCCOG scores who were commissioned in the Amy
and were still on active duty, o- who were commissioned in the Army and had
voluntarily (unqualified) resigned from active duty were included in the
analysis. Those graduates who were allied cadets, commissioned in other
services, involuntarily separated, retired for disability, or otherwise sepa-
rated (including deaths), were not included in the samples. Graduates from
the Classes of 1966 and 1967 incurred mandatory four-year military obligations
(the other classes had five-year obligations), after which they were free to
resign their commissions, unless they had incurred additional obligations
because of additional education.

The status criterion for the Classes of 1966 and 1967 was obtained in
1973 and 1974, respectively, seven years after the MCCOG was given. The
criterion for the remaining classes was gathered in 1978, nine years after the
MCCOG was administered. Thus, the time after completion of their mandatory
obligation ranged from one year for the Class of 1972 to four years for the
Class of 1969.

Data Analysis

Point-biserial correlations and expectancy tables were used to express the
relationships between MCCOG sr ,res and status (scored 0/1). To correct the
correlations to a common base th a possible maximum correlation of 1.00, the
obtained values were divided by The maximum rpb possible for the proportions
in the two groups.
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RESULTS

Table 2 shows that the relationship between MCCOG scores and status for
all class years Is statistically significant. As one might expect, the cor-
relations were higher for Classes (1966-67-69) administered the MCCOG just
prior to graduation/commissioning.

Table 2: Relationship Between MCCOG Scores and Status

Class MCCOG Corrected

Year Status N X SD rpb

1966 Active 257 60 11 .54***
Resigned 139 45 12

1967 Active 271 59 11 .39***
Resigned 194 51 13

1969 Active 279 56 12
Resigned 271 49 13

1970 Active 323 50 16 26**
Resigned 216 43 17

1971 Active 321 54 16
Resigned 290 48 18

1972 Active 409 56 16 .17*
Resigned 299 52 15

*c< .10; **2 < .02; ***j < .001

The expectancy tables shovn in Tables 3, 4, and 5 give clear illustrations
of the relationships between MCCOG scores and status. They indicate that in-
dividuals in the Classes of 1966 and 1969 who scored 61 or above on the MCCOG

Table 3. Relationship Between MCCOG Scores and Status
(Class of 1966)

Number
Percent Remaining on Active Duty Scoring

MCCOG in this
Score 1 10 20 30 40 50 60 70 80 90 100 Range

81 or over I I100Z 13

71-80 I 93% 30

61-70 83% 84

51-60 67% 159

41-50 4" 93

1-40 W% 17
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Table 4. Relationship Between MCCOG Scores and Status

(Class of 1969)

T ' Number

Percent Remaining on Active Duty Scoring
MCCOG in this
Score 0 10 20 30 40 50 60 70 80 90 100 Range

81 or over 64% 14

71-80 74% 31

61-70 75% 57

51-60 56% 263

41-50 35% 130

1-40 22% 55

Table 5. Relationship Between MCCOG Scores and Status

(Class of 1972)

Number
Percent Reman..ing on Active Duty Scoring

MCCOG in this
Score 0 10 20 30 40 50 60 70 80 90 100 Range

81 or over 80% 59

71-80 4% 45

61-70 60% 89

51-60 58% 228

41-50 i 52% 210

1-40 49% 77
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were very likely to be still on active duty, and those scoring SO or below
were likely to have resigned from active duty. For the Class of 1972 the re-
lationship is not as sharp, but there is a definite tendency for individuals
to remain on active duty as MCCOG scores increase. For brevity, the data from
the Classes of 1967, 1970, and 1971 are not presented, but the results were
similar to the classes that were presented.

DISCUSSION

The prime purpose of this study was to determine the validity of the MCCOG,
when given prior to commissioning, as a predictor of retention on active duty
beyond the obligatory first tour of duty. The results indicated that the
MCCOG is a valid predictor of retention, even when administered several years
prior to commissioning and even when the criterion is gathered nine years
later.

The findings support the theory that the individual's direct estimate of
his future tenure is a good predictor of turnover, especially when determined
with high precision. Kraut (1975) states that the individual himself is the
best vehicle for properly weighting and integrating the factors that go into
his decision to quit or remain in a job. He believes that the individual can
provide the best synthesis of attitude toward his work situation, his oppor-
tunities elsewhere, and other aspects of his life that bear on his decision to
remain in a job. The NCCOG follows Kraut's logic quite well. It is a direct
measure of intentions arA calls for the respondent to integrate all the vari-
ous aspects that influence his/her intent to be a career Army officer.

The findings imply that the MCCOG might be a useful instrument for several
purposes for any source of commissioning. First, in research for which the
ultimate criterion is whether or not an individual will remain on active duty,
the MCCOG can function as an intermediate criterion that is available prior to
commissioning. Second, as a measure of commitment, it might be a valuable
tool in evaluating programs designed to increase motivation for a service
career. For example, the NCCOG might be administered before and after a sum-
mer training program. Third, in manpower planning, the MCCOG scores of a
group give a fairly accurate appraisal of the number of individuals that are
likely to remain on active duty. Fourth, the MCCOG might be an aid in the
career counseling process of individuals. A fifth potential utilization is in
the admissions area, but only if the MCCOG can be corrected for the expected
high response bias, could it be administered to applicants. However, it could
serve as the criterion to be predicted by another instrument that could help
to differentiate those applicants who are likely to develop high commitment to
a military career qs opposed to those who are not.
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US ARMY TKADOC SYSTEMS ANALYSIS ACTiVITY
(USATRASANA)

CAVALRY FIGHTING VEHICLE (CFV)
FORCE DEVELOPMENT TESI AND EXPERIMENTATION (FDTE)

TRAINING ANALYSIS
BY

WALTER G. BUTLER
RONALD B. COOPER

1. SUMMARY.

or• This report presents the results of the training effectiveness analysis
conducted on a training program designed to transition train an armored

(• cavalry from the M113A1 to the CFV. Soldiers in the 19D (armored cavalry
scout crewman) were trained In the operation of the CFV and its major systems
in preparation for participation in an FDTE at Ft Knox. Data analyzed
included results of witten and hands-on tests, results from training on the

Si prototype Conduct of Fire Trainer (COFT) and results from live fire exercises
involving the 7.62m. coaxially mounted machine gun and the 25um automatic
cannon. Relationships between these data and soldier demographics/aptitude/
attitude were investigated. Problem areas were observed in the soldiers'
proficiency at acquiring, engaging and hitting targets with the CFV's weapons

Ssystems. Implications into CFV crewman soldier selection criteria were gained
from this analysis.

S• 2. BACKGROUND.

a. The CFV is designed to replace the M1l3AI as the armored cavalry's
fighting vehicle. It is basically the same as the Infantry Fighting Vehicle
(IfV) with the rear compartment configured to accommodate an increased basic
load of TOW missiles and a decreased number of passengers. (The IFV will
carry seven men in the rear compartment; the CFV two). The CFV is armed with
a 25.m automatic cannon, a coaxially mounted 7.6?mm machine gun and a two-pod
TOW launcher.

b. The IFY underwent an Operational Test (OT) II from 13 October 1979 to
26 November 1979. Cavalry operations were not examined in enough detail
during this test and a CFV FDTE was scheduled at Ft Knox, KY from 2 June 1980
through 8 August 1980 to address these items. A cavalry platoon stationed at
Ft Knox was selected to participate in the FDTE. This platoon was judged
ARTEP-qualified on the Ml13Al prior to beginning the training program designed
to transition it from the M113AI to the CFV. Five crews of five men each were
organized from the platoon's 190 NOS (cavalry scout crewman) personnel to be
trained as CFV crewmen. The five crew positions are: track commander (TC),
gunner, senior scout (SS), junior scout (JS) and driver. These twenty-five
crewmen are referred to in this report as "players".

c. The training period was divided into two phases, individual and
collective training, with each phase lasting approximately three weeks.
During individual training, all crewmen received the same instruction
conducted primarily in a classroom or motor pool. Training during the
collective phase was more specific to duty position and was conducted on
tactical ranges.
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3. SCOPE

a. The individual training was primarily a combination of lecture,
demonstration and practice. Training devices and aids used were the CFV,
the Conduct of Fire Trainer (COFT), printed handouts and draft manuals. At
the conclusion of a training session or block of instruction, a hands-on test
was given. The tests were administered by instructor personnel and were
scored on a Go!No-Go basis. Personnel who failed to achieve a GO on a test
were required to prepare themselves on their own for a retest. A second
failure resulted in instructor assistance to prepare for another retest. At
the and of the individual nhase of training, the more important of these
hancis-on tests were given again in a two-day comprehensive examination.

b. Training on the COFT was conducted during the individual phase with
all twenty-five players participating. Each player was presented a series of
targets on the COFT and the results of his engagements wre recorded. Not all
players received the same amount of COFT training due te player absences and
time constraints.

c. The collective training phase was conducted on tactical ranges at Ft
Knox. During this phase of instruction the players participated in a series
of exercises which required the performance of several tasks to met the
objective(s) of the exercise. For example, to successfully complete the range
determination exercise, a crew was required to acquire a target within a given
time standard and the gunner was then required to determine the range to the
tarret within another set of standards.

d. These exercises were used as the hands-on tests during the
collective phase. However, in most cases personnel who failed to achieve a
"Go" on a given exercise were not re-tested. This was due to time constraints
beyond the control of the instructors. During this phase, the crews also
participated in live firings of the 7.62mS COAX, the 25mi main gun and the TOW
missile.

4. INDIVIDUAL TRAINING PHASE.

a. At the end of a task training session, the students were tested
individually on the task(s) covered. The tests, referred to as "Class HOTU,
were hands-or and wcre scored as "Go" or "No Goo. At the end of the
individual phase, the majority of these tasks were re-tested. This group of
tests are referred to as "comprehensive HOT" or "Comp HOT".

b. Data from these tests show that there were 498 Go's or 507 first
tries of the class hands-on tests, which gives a first-time-Go rate of 98%.
For the comp HOT, there were 349 Go's on 364 first tries for a first-time-Go
rate of 96%. These rates indicate that thL training provided the necessary
skills to the players for successful performance of these tasks at the time
they were tested. Problems were observed during subsequent training
(especially the CCAY and 25mm live fire exercises) involving the following
tasks taught during this phase:
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o Loading the COAX and Z5mm weapons.
o Performing immediate action and misfire procedures on the COAX and

25mm weapons.

c. In loading the 25ami gun, the players experienced difficulty in
properly connecting the ammo feed chutes. Improper connection of these chutes
caused many stoppages which had to be corrected by the instructors or, in some
instances, contractor representatives. The players were also unable to
consistently perform the misfire and immediate action procedures in the proper
sequence. More training and/or practice at the performance of these tasks are
needed so that the skills can be retained by the soldiers. The connection of
the ammo feed chutes should be especially addressed because of the
manipulation skills required.

d. During the individual training phase the students were tested and
detemrined to be representative of the overall 19D MOS Army population in
terms of aptitude and demographics.

5. COLLECTIVE TRAINING PHASE.

a. During the collective phase of training, tasks were taught which
involved part or all of a crew. Related tasks were tested in an exercise
given when the players had completed training on the tasks. The results of
these exercises show that there were 478 Go's on 629 tries for a Go rate of
76%. The areas with the smallest Go rates were target acquisition (59%),
range determination by gunner (35%), thermal mode operations (61%) and the
ICOAX and 25mm live fire exercises (51% combined).

b. Other hands-on tests (HOT)

A target acquisition and engagement (TAE) hands-on test was developed by
personnel from DTD and TRASANA to assess the players' proficiency at acquiring
and engaging targets. This test was given on two occasions; at the end of the
training program (TAE I) and the end of the FDTE (TAE II) . The test was
designed to simulate a CFV in an overwatch position observing a sector for
enemy targets. Prior to beginning the exercise, the crew was allowed to
observe the sector for one minute to familiarize themselves with the terrain.
During the test, in which the CFV was always stationary, e assigned TC for
the crew acted as TC while each crew member was tested as unner. Then the
assigned gunner acted as TC while the TC was tested as ier. As each pair
was being tested, the remaining crew members were prever, from observing the
sector.

c. TAE I.

1. Each TC/gunner pair was tested for one iteration in which four
targ4ts were presented. These were full-scale targets mounted on SAAB devices
which were raised and lowered by the test administrators. Two test
administrators gathered the data for all the tested pairs. Both were
positioned on the CFV where they could observe the soldiers being tested but
located so as not to interfere with their performance during the test.
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Specific items of interest are:

o The standard for target acquisition (5 sec from target exposure) was
met 34% of the time.

o The target was correctly identified by type 42% of the time.

0 The mean time for the gunner to determine the range to the target was

25.8 seconds.

*The mean time required by the gunner to determine the range to the
target after he acquired it (8.5 sec) exceeded the time standard for
acquisition plus ranging (8 sec).

oThe gunners were able to correctly determine the range to the target

(within 200 meters) 60% of the time.

o The target was engaged within 20 seconds (25 seconds for TOW

"engagements) 29% of the time.

* The proper ammo for the engagement was selected 38% of the time.

Analysis of the data by individual engagement revealed the following:

l The target was correctly identified and the proper ammo selected 27
times (29%).

o Tank targets were correctly identified 23 times (35%); TOW was

selected to engage these targets 11 times (48%).

* Of the 92 total engagements, time standards for all required tasks

were met seven times (8%), though all tasks were not necessarily
performed correctly.

Of the 92 total engagements, there were only two in which each
required task was correctly performed and performed within the time
standard.

2. The results of this test indicate that the players ware not able to
meet "he time standards set for the tasks involved. Also, the players
incorrectly identified the targets 58% of the time. Several of the players
commented that the lack of a gun tube on the target silhouettes made then
difficult to identify. While this may be true, the silhouettes used in the
test (and the live firings) were standard threat targets for Amy training.
Another observation concerns the players' selection of ammo. In those cases
where the target was correctly identified by type, the proper ammo was chosen
29% of the time. More specifically, TOW was selected against correctly
identified tank targets less than half (48%) of the time. This represents a
serious shortcoming of the training program in preparing the players to engage
and defeat the enemy.
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d. TAE II.

I. The players' overall performance on the second test equalled or
exceeded their performance on the first test in all areas except "time to
range after acquisition" and "TOW selected against correctly identified tank
targets". The increase in time to range after acquisition was thought to be
due in part to the lack of experience at this task on the part of the scouts
and drivers. Analysis of those engagements in which an assigned TC or gunner
was tested at the gunner's position shows that the mean time for these crewmen
to range to the target after acquiring it was 9.3 seconds. The mean time for
the remaining crewmen was 14.2 seconds. Corresponding results from the first
test are 7.0 and 9.2 seconds, respectively. Both groups showed an increase in
time to perform the task from the first to the second test. Thus the
difference between the times was not caused solely by the crewmen being less
familiar with CFV turret operations. A possible explanation for the change is
that the players did not practice ranging to target within the time standard
during the FDTE frequently enough to maintain the level of proficiency they
had acquired during the training period.

2. The players also showed a decrease in the percentage of engagements
for w~ich TOW was selected against correctly identified tank targets from the
first to the second test. There was also an overall laxity in issuing and
following fire commands during the second test that was not as prevalent
during the first test which could have been due to lack of structured,
supervised practice in this area.

e. Results of Written Skills and Knowiedge (S&K) Tests.

1. The written tests were developed by TRASANA from available training
materTals. These tests were not part of the plan of instruction for the
taining but were given by TRASANA in an attempt to measure the players'
knowledge about the CFV in specific areas.

2. The players were given three skills and knowledge (S&K) tests during
the t•raining and FDTE, (i.e., S&K I, S&K II and S&K III). S&K I was given at
the end of the individual training phase; SK II at the end of collective
training and SSK III at the end of the FDTE. The tests are similar but not
identical since some questions and/or choice of responses were changed, added
or deleted as the players' familiarity with the CFV increased.

3. It must be noted that the high first-time "GO" rates of the class and
comp-HOT (98% and 96% respectively) discussed earlier reflect a greater level
of knowledge of CFV tasks than do the average scores on SK I and II. The
most likely cause of this discrepancy is that the two types of tests measure
different aspects of the tasks involved. The hands on tests (HOT) require the
manual execution of skills and knowledge in the tasks involved while the SSK
test mental recall of information about the tasks. Direct correlations
between performance on the HOT and S&K tests are not meaningful since the
number of "NO GO", and therefore the statistical variance, on the HOT is too
small.
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4. Comparing the results of S&K II and S&K III reveals that the players'
scores remained virtually constant in the areas of turret operations and
weapons (categories 1 and 2) while decreasing considerably in weapons
maintenance. Thus, the players' knowledge of the items tested was not
improv.d, and actually decayed in category three during the FDTE. Significant
positive correlations were found between the scores on the two S&K tests in
categories I and 2 and the total test, which indicates that the decrease in
scores was not based solely on the part of those players who were less
familiar with the turret and weapons systei (i.e., drivers and junior scouts).

5. The results of S&K I and S&K II were also compared to the results of
the Target acquisition hands-on test given at the end of training (TAE I).
Significant correlations were found to exist between the players' scores on
categories two and three (weapons and weapons maintenance) of S&K II and their
performance at ranging to the targets during the hands-on test (higher tests
scores were associated with less range time). No relationships were found
between the results of S&K I and the hands-on test.

f. 7.62mm COAX firings (crew subcaliber exercise).

1. Each of the fifteen players was scheduled to serve as gunner during
threelterations of a day course (three targets) and a night course (five
targets). Due to weapon/target malfunctions and other complications, some
players traversed the course less than three times while others traversed them
more often. The COAX was used as a subcaliber training device during these
firings and a crew of three was on board the CFV during the engagements. The
targets used were half-scale threat vehicles (except for one full scale troop
target in the night course) and were set at actual distances within 1000
meters of the CFV. The CFV was moving during all engagements of the day
course and stationary during the night course. Results are shown in the
following, table 1.

TABLE 1

COAX ENGAGEMENTS WITHIN
TIME TO KILL STANDARDS

No. Tmes Sanaars Per-cenf
Conditions Exposures Met of Exposures I

IDay, single target 59 27 46

b~ay, multiple targets 29 8 28

Night, single target 0

INight, multiple targets 76 9

2. The table shows that the time to kill standards could not have been
met i-i more than 46% of the single target, day exposures; 28% of the multiple
target, day exposures; and 9% of the multiple target, night exposures. Thus,
the players did not consistently meet the standards for the fUrings.
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g. 25mb firings (crew combat exercise).

Data from this exercise concerning accuracy of the 25bm weapon system are
classified. The numbers of targets engaged and engagement times are not
classified and are discussed in the following paragraphs.

1. The sane fifteen players who served as gunners in the COAX subcaliber
firirFgs also participated in the 25mm live fire exercise. Targets were full
scale threat vehicle silhouettes at ranges of 1000 to 1500 meters and were
mounted on SAAB devices so that they could be raised and lowered by remote
control. The firings consisted of three iterations for each of the fifteen
players of a day and a night course. Both courses were similar to those used
during the COAX exercise except that the targets ere full size at longer
ranges.

2. The percentage of targets engaged during the 25mm firings shows a
substantial increase over that from the COAX exercise. Several factors
possibly contributed to this increase in target servicing proficiency. Among
these are:

The practice received during the COAX firings provided experience

which made the players more proficient at the tasks required to
acquire and engage the targets.

o The targets were full size instead of the closer but half-scale
targets used during the COAX exercise.

* The players were more interested in, and excited about, firing the
25mm gun than the COAX.

h. Discussion of COFT training.

1. During the individual training phase, all of the players received
train~n0 in gunnery procedures using the prototype COFT*. Due to the late
inclusion of the COFT into the program, this training was given primarily as a
"filler" for time in which a player was not otherwise occupied. Therefore,
not all players received the sane amount of exposure to the COFT.

2. COFT training consisted of a series of target presentations in which
the pTayer was required to determine range and engage the target. Range
determination procedures on the COFT differ from those on the CFV in the
following areas:

During COFT engagements, the player had only to announce the correct

range and the Instructor would press a switch which caused the COFT to
adjust the impact of the rounds properly. On the CFV, the gunner must
move his right hand to the range control knob and dial in the proper
range. This motion could affect his ability to keep the target in the
sight, especially at long ranges.

Only three different ranges are available for COFT engagements (1200,
1500, 3000m). Unlike actual firing conditions, range to the target
could easily be identified by the size of the target in the sight.
The players quickly learned the relationship of target size to range
and therefore were less careful to perform proper ranging techniques
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before announcing the range. This became evident during range
determination exercises early in the collective phase, when the
players tended to identify target ranges at 1200, 1500 or 3000 meters.

3. Comparison of COFT results to live fire results.

0 The COFT training was conducted differently from the live firings in

that the players were not restricted to time limits on the COFT. They
were allowed to engage the target until it was hit (or moved off the
screen for a moving target). Therefore, comparisons of mean times to
engage and hit are not meaningful. The percentage of targets hit on
the COFT in both the stationary firer-stationary target and moving
firer-stationary target modes is much greater than that achieved during
the COAX and 25mm exercises. Tests of relationships between COFT and
25mm data in both percent of hits and mean difference between hit time
and engagement time for the fifteen players who participated in the
25nm exercise found no significant correiations.

o The players engaged and hit a much greater percentage of targets during

the COFT training than during the COAX and 25ram live firings. This is
partially due to the absence of need to acquire targets on the COFT.
(Targets are readily visible on the COFT display). Another factor
influencing these differences is that the players were not limited
during the COFT training by the time constraints enforced during the
live fire exercises.

6. ASVAB AND ATTITUDE ANALYSIS RESULTS.

a. Four ASVAB areas (OF, MM, GM and EL) and the SelectABLE scores
correlated positively with scores on all three written tests. The MM scores
were positively correlated with engagement times on the target acquisition
hands-on test (TAE I). The higher MM scores also correlate with less time to
engage after acquisition.

b. The players' responses to the attitude surveys were predominately
positive. Attitudes toward the training materials, CFV night/buttoned-up
operations and comfort and safety of the vehicle were less positive than those
in the other areas surveyed.

c. In general, more positive attitudes toward the training were
associated with better performance, as measured by the written and hands-on
tests.

7. SUMMARY FINDINGS

a. The players participating in the training program were representative
of the overall Army population of 19D MOS soldiers in terms of aptitude and
demographics.

'This is the sine COFT used during training for the IFV OT II, but is not
related to the Fighting Vehicle System (P/S) UCOFT being designed for Use in
future IFV/CFV training prograns.
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b. The players' performance on hands-on tests given by the instructors
during the individual training phase indicates that the training program
provided the skills necessary for successful accomplishment of the involved
tasks within established time standards. Problem areas involving these tasks
which arose during the collective training phase were:

"Loading the COAX and 25mm weapons

*Performing immediate action and misfire procedures on the
COAX and 25mm weapons.

c. In loading the 25mm gun, the players experienced difficulty in
properly correcting the ammo feed chutes. Improper connection of these chutes
caused many stoppages which had to be corrected by the instructors or, in a few
instances, contractor representations. The players were also unable to
consistently perform the misfire and immediate action procedures in the proper
sequence. The training program was not effective in promoting the retention of
the skills they learned in the performance of loading and misfire/immediate
action tasks. More training and/or practice time is needed in these areas to
better enable the soldier to retain skills gained through the training program.

d. Written tests given during the training and at the end of the FDTE
indicated that the players' knowledge of the CFV and related tasks was not as
high as the results of the instructors hands-on tests given during the training
would suggest. Also, scores on the two skills and knowledge tests given during
the training decreased in the areas not being taught during the interim and
increased in areas being taught. The practice which the players received
during the conduct of the FDTE did not increase the players' knowledge of the
CFV and its systems since scores on the written test given at the end of the
FDTE were the same or lower than those on the same test given at the end of
tralning.

e. The players engaged and hit a much greater percentage of targets
during the COFT training than during the COAX and 25mm live firings. This is
partially due to the absence of need to acquire targets on the COFT. (Targets
are readily visible on the COFT display). Another factor influencing these
differences is that the players, during the COFT training, were not
limited by the time constraints enforced during the live fire exercise.

f. Comparisons of results from the COFT training and the target
acquisition and engagment hands-on test given at the end of training showed no
significant difference in mean time to determine range to the target (after
gunner acquisition for the hands-on test) between the two. A significant
difference was found in mean time to engage the target (after gunner acquisition
for the hands-on test) with the players engaging targets more quickly during
the hands-on test. This could be the result of inexperience on the part of the
players when the COFT engagments used in the comparisons were conducted. A
slgnficant positive correlation was found between mean engagement times of COFT
targets and corresponding times from the hands-on test.

g. During the COFT training, all COFT vehicular targets were engaged within
the 25mm weapon system, even at ranges of 3000 meters. The failure of the
instructors to correct this situation probably contributed to the players'
training to select the 25mm for engaging targets, including targets identified
as tanks, during the target acquisition and engagement hands-on tests.
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Privacy Act and the Data Base: Implementation of the Privacy Act

William B. Camm, Staff Assistant for Tests, Technical Information Division,
US Army Research Institute for the Behavioral and Social Sciences,
Alexandria, Virginia 22333

The legal constraints of the Privacy Act and the increased legislative
pressure to handle greater amounts of personal data faster and better
pose many new problems for social science research in the US Government.
The immediate, intermediate, and long-range solutions to the dilemma can be
achieved through the development of a precautionary, systematic set of
collection and storage procedures; full use of comprehensive data bases;
and the insulation of each contributing set of data.
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This paper is offered as a contribution to the current discussion
on the legal constraints of the Privacy Act of 1974 (P. L. 93-579) on the
pressing requirement that the Department of Defense handle greater amounts
of complex personnel research data faster, better, and at minimal cost.
The mandate to minimize the cost of collecting, maintaining, and using
personal data and, at the same time, maximize the utility of the collected
data is articulated in the Paperwork Reduction Act of 1980 (P. L. 96-511).
The act became effective 1 April 1981.

The technology capable of cogent management of information resources
is here, and we already know quite a bit about how to apply it in terms of
cutting costs, enhancing usefulness, coordinating and sharing common
procedures, and improving service to management and the user.

The problem, however, is to insure that the collection, maintenance,
use, and dissemination of personal data and information are consistent
with the Privacy Act. The restrictions and limitations imposed by the
Privacy Act loom large as a potential hindrance to effective information
resource mcnagement in terms of information control, resource contraints,
cost of data, added hardware, and special computer programs. To date,
neither the impact of the new wave of information resource management on
the Privacy Act nor the constraints of the Privacy Act on the Paperwork
Reduction Act has been sorted out. The Office of Management and Budget
(OMB) has been assigned the responsibility for providing overall direction
in the development and implementation of policies, principles, standards,
and guidelines in all areas of P. L. 96-511. Privacy Act enhancement is on
the 0MB agenda for April 1983.

All Federal agencies are moving ahead with their own interpretation
of P. L. 96-511 with the expectation that the resulting implementation will
be found acceptable. The Office of the Assistant Secretary of Defense,
Information Control Division, has established DOD-wide policy to insure
compliance with P. L. 96-511. The Army has established an Information
Management Office under the Office of the Chief of Staff to define, de-
velop, and manage the Army information resources program.

Organizations that deal with personal information have reached informal
agreements on most aspects of the program but have avoided special problems
"with regard to processing and maintaining personal data--especially with
the concept of an integrated data base. Nevertheless, the problems of
effective information resource management and protection of individual
privacy are quite real and very pressing and cannot be ignored.

THE PRIVACY ACT

The Privacy Act is imposed on executive departments, military depart-
ments, Government and Government-controlled corporations, other establish-
ments in the executive branch including the Office of the President, and
independent regulatory agencies. Congress and its agencies (e.g., GAO) are
exempt. So are Federal Courts. It limits the manner in which they col-
lect, use and disclose inforiation about people. The act was codified as 5
USC 552a in 1976. The act gives the individual the right to be protected

260



against the power of officials with access to data banks. There a;e three
related aspects to the Privacy Act rights:

Personal autonomy--the right to make a choice about personal be-
havior and lifestyle.

Freedom from outside interference--the right to be left alone.

Protection of private information--the right to control where and
how information about oneself is communicated to others.

This portion of the paper focuses on the third point, control and pro-
tection of personal information.

Sluce 1965, personal privacy has become an imuportant social value,
covered under tort laws, in the United States. Privacy is related to
personal freedom and, although rights of privacy are not expressly men-
tioned in the Constitution, is supported by the Supreme Court's language
used in most of its important decisions. The constitutional amendments
most commonly cited in this regard by the Supreme Court are the first,
third, fourth, fifth, ninth, and fourteenth.

In 1976, an inventory of Federal data systems revealed that 97 agencies
had a total of 7,000 records systems containing nearly 4 billion dossiers.
The Department of Defense alone had 2,219 systems with 321 million dif-
ferent names and records (ONB, 1976). Host of the records systems at
that time were not a matter of public record. The Privacy Act prohibits
secret files and further states that individuals should be able to find out
what information about them is contained in Federal records and how that
information is used. For example, a person is able to prevent personal
information that was given for one specific purpose from being used for
another purpose with:ut his or her consent. Provisions will be made for
the individual to correct and amend personal records iru possession of the
government.

Government agencies handling identifiable personal data should show
that such data are reliable and current and take positive steps to prevent
their misuse. Collected data should also be safeguarded and securely
stored if they contain identifiable information. For research use, the
connection between the names and data should be destroyed when no longer
needed. Code numbers and code words can be used if several nets of data
are collected on the same person. A number of methods for storing personal
data are described in the literature (Boruch, 1971a, b). If knowledge of
illegal activities is requested, anonymity should be guaranteed so that the
data cannot be subpoenaed in legal proceedings. Insulated data banks might
be considered. Research data are not automatically privileged information.
There are a few exceptions, such as data regarding drug research. Congress
and courts may, and often do, subpoena such data.

The success of the Privacy Act is hard to measure objectively. The
enforcement of data protection regulations and the supervision and control
of the collection and storage of information about individuals depend,
for the most part, on the good faith of the agencies and legal action by
individuals. Congress believed that self-regulation was the best initial
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method for control because it eliminated the need for an additional govern-
ment agency and, at the same time, would aid the necessary advance in the
technology of information collection and storage. Control agencies were
not to be considered unless the agencies themselves proved that self-
regulation had failed. The potential for frustration of the law is so
great that the Privacy Protection Study Commission (1971) recommended that
the Privacy Act be broadened to include all items that an agency can
readily identify in all of its systems to insure compliance with the
Privacy Act. So far, Congress has not implemented the Commission's
recommendation.

Violations of the Privacy Act are misdemeanors subject to a maximum
fine of $5,000. Unlike damage actions brought against an agency, criminal
penalities are imposed on the person who committed the crime. The punish-
ment, if there is a conviction, is applied to any

Agency officer or employee who knowingly or willfully makes im-
proper disclosures of information pertaining to an individual.

Agency officer or employee who willfully maintains records without
meeting Notice Requirements Requests (i.e., maintains a secret
system of records).

Person who knowingly and willfully requests or obtains individual
records from an agency under false pretenses.

If the court finds that an agency (its officers or employees) acted in
an intentional or willful manner, the complainant may receive actual
damages ($1,000 minimum). But it is difficult, in most cases, for the
complainant to show proof of intentional and willful agency misconduct.
The complainant must also show that the conduct was greater than 'gross
negligence"; "ordinary negligence" on the part of the agency does not meet
requirements of the law as it is written. In addition, the complainant
must also prove actual damages by establishing that the agency's action had
a direct adverse impact upon him or her. Finally, if the individual
wins, the U.S. Treasury (not the agency or its members) is liable for the
actual damages, court costs, and attorney fees. This situation tends to
dampen the deterrent effect that civil actions may have upon data col-
lection practices of agencies (Bushkin & Schaen, 1975).

THE DATA BASE

A data base may be viewed as a digital computer version of a manual
file system. The manual file system comprises file folders identified by a
name or number. The computer file consists of records, each identified by
a primary key and secondary keys, for example, name, age, rank, and Social
Security number. At this point, the computerized record system departs
from the manual system. Access to the items in the computerized system can
be made through the primary or any secondary key, or through any other
indicator in the individual record. Users of computerized records systems
are often in remote locations, and restrictions, like code names for the
primary key or identification tab of a single system, no longer exist.
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The recent trend, under the impetus of the Paperwork Reduction Act, is
toward integrated data bases where a collection of data or records is
linked together using a common identification key. The reason for the
innovation is related to a greater need for individualized information and
a growing proficiency in processing and interpreting data. Also, as
expected, data collected for one purpose is frequently useful for related
purposes.

At this point, the distinction between records that relate to indi-
viduals for the purpose of taking some sort of action concerning that
individual and records that are collected and maintained for the purpose of
planning and policy decisions should be made. The former, in the strict
sense, is termed a system of records; the latter is statistical record.
However, most records are mixed, and it is rare to find a true statistical
record in either Government or academic research. A true statistical data
base cannot contain information that can be related to an identified indi-
vidual, and no individual contributing to the data base should be identi-
fied with it. 1 . The Army Research Institute for the Behavioral and
Social Sciences (ARI) collects and maintains systems of records until such
time as the data are edited, coded, stripped of the personal identifi-
cation, and entered into the data base. The ARI Systems Notice (ARI, 1980)
covers, at this writing, all ARI systems of records of the moment and the
future, provided the data collection effort remains within the operational
confines of the public notice. If a new and different system of records is
contemplated, then an additional notice, or modification of the current
notice, will be required. The new notice must be published in the Federal
Register at least 90 days prior to any data collection for the new system
of records.

DATA COLLECTION AND STORAGE PROCEDURES

The procedure involved from the start of the data gathering through the
final destruction of the system of records (i.e., removal of personal
identifiers) and the publication of the results for the various users may
theoretically be compromised at a number of points during the collection,
transmission, storage, and processing of the data. Nine arbitrary points
are conceptualized here for the purpose of illustration in Figure 1.

The data collection point 1 surveys, questionnaires, tests, inter-
views, or ratings is obvious and frequently overlooked despite the Privacy
Act Statement at that point stating that "Full confidentiality of the
responses will be maintalned in the processing of the data. . . . - (DA Form
4368-R). The Privacy Act requires that all agencies involved in data
collection--in the development of a data base there may be several--provide

llnsofar as the Privacy Act is concerned, however, the only operative
criterion is whether or not the agency does in practice retrieve the
information by reference to some personal identifier.
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appropriate administrative, technical, and physical safeguards. The common
threat to personal information at point 1 is the person whn is authorized
to have access to the information for one purpose but who lasuses that same
information for an unauthorized purpose. The entire data collection
operation, if possible, should remain under a single work group. It
is tempting for the researcher to ignore most of the problems at point 1
and go on to the second potential compromise point (transmission). The
personal information is easiest to protect in the computer-based area.
The transmission of the data (point 2) may be by messenger, mail, tele-
phone, or microwave and is subject to compromise during transmission and
upon receipt. Any privacy compromise here is seldom intended and is most
likely the result of careless handling. Security compromise during trans-
mission is not specifically treated in this paper. The editing and coding
process (point 3) is the first step in preparing the data for the computer
and is the time to check for accuracy, relevance, timeliness, and complete-
ness. It is also a good time to remove the personal identification in
preparation for linkage with additional information in the integrated data
base unless that linkage is necessary for the subsequent interpretation of
the data. Data transmission (point 4) to the computer area is usually less
of a risk than point 2. However, the information must be checked, edited,
and sorted and may easily be identified by resourceful people. Points 5,
6, and 7 involve checking the processing of the data being edited and
stored. During format checks of tables, graphs, and the like, careless
handling may result in compromise. Error listings are another source of
compromise at this point. The location of each item of information should
ba recorded and confined to the computer area; extraneous data should be
destroyed when no longer useful. Finally, point 8 is transmission of the
data (the report) to the user, point 9. Exploitation can occur when common
and unique properties of individuals are displayed in the reports. It is
then a simple matter to sort, count, and identify individuals and/or groups
from the final report. For example, tabulation of results may yield grade
level, age, sex, location, and other properties that with cross-tabu-
lations identify individuals and/or groups.

F • ' Data maintenance area

24 6 7 9
5

1. Data Collection 6. Computer Processing and Storage
2. Data Transmission 7. Tabulation and Display of Results
3. Editing and Coding 8. Data Transmission
4. Data Transmission 9. Report: The results to user

5. Data Preparation

Figure 1. Flow from personnel information initial collection to statistical
record to final report. Numbers represent potential compromise
points.

264

- f .. . .f i



In practice, the situation is more ccanmtcated. Longit•dinal studios
which involve collecting and maintaining information over a period of time
may present problems. A statistical data base of this sort needs an
insulated method of linking recent data with data already stored. To
complicate matters, a secondary user or users are often involved. And post
problems arise--at least insofar as privacy safeguards are concerned--when
the primary user establishes the data base for administrative purposes and
the secondary user is more interested in research, or vice versa. Often,
there is no relationship of purpose between the records system of one user
and the established data base of another.

PRIVACY SAFEGUARDS

Privacy safeguards for data bases are similar to those required for
most records systems. Certain data bases, for example those concerned with
current sensitive issues, such as medical histories, performance by ethnic
groups, illegal actions or country of origin (Barnes, 1979), are subject to
intentional invasion for several reasors by individuals whose interests
range from apprehension concerning possible misuse, real or imagined, of
the Information contained in the data base to intelligence-gathering
activities of foreign governments. Added precautions might be considered.

For example, the data from HILPERCEN's proposed data base are coded
with a cryptographic code known only to MILPERCEN. The coded data plus
identifying information are sent to ARl to merge with ASVAB data, which is
also coded using the identifying information to link with the MILPERCEN
record (Figure 2). The identification is then deleted. The merged file is
given to ARI's Personnel Utilization Technical Area. HILPERCEN cannot
obtain anything other than their own data from the file, and API cannot
meaningfully identify data from MILPERCEN but will have the necessary
information for a validation of ASVAB. The same scheme can be used in
longitudinal studies with different independent groups. The code linkage
can either be destroyed or stored in a safe place beyond the reach of all
but extraordinary requests.

Assiming reasonable precaution in data collection, maintenance, stor-
age, and reporting, the insulated data base with its disposable code links
and the resulting statistical record will easily meet future requirements
for privacy protection of ARI integrated data bases. There are many other
effective methods to insulate and link record systems. There is no one
best way to protect personal information. The point is that such protec-
tion can and should be provided.
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23

9 8 7

1. MILPERCEN Data--Coded 7. The Data Base--Statistical
2. Data Transmission Records only
3. ARI ASVAB Data--Coded 8. Transmission of Cryptographic
4. Data Transmission Key
5. Merge Data--Edit and Match 9. Safe Storage of Code Key

Codes
6. Data Transmission of All

Coded and Merged Data

Figure 2. Schematic flow and proposed development of one insulated data
base.
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TRAINING AND COST EFFECTIVENESS OF TWO
AVIONICS MAINTRENANCE TRAINING SIMULATORS 1

Louis F. Ciechinelli, Ph.D.
and

Kenneth R. Harmon
Denver Research Institute

Denver, Colorado

Suary. Vwo studies were conducted to determine the relative training and
cost effectiveness of two simulated versions of the F-111 Converter/Flight
Control System maintenance test station as compared to the operational test
station equipment. Study 1 was designed to assess classroom and field perform-
ance of students trained on the actual test station and those trained on the
6883 3-dimensional simulator. Further, the life cycle costs of using the two
systems for training were compared. The results of Study 1 indicated that
there were no significant differences in either classroom or field performance
as a function of training equipment. However, the comparison of system costs

0_ indicated that Lctual equipment costs were approximately twice those of the
6883 3-dimensional simulator when calculated over a 15-year life cycle. Study
2 was designed to make similar performance and cost comparisons among the 3-
dimensional simulator, a 2-dimensional simulator, and the operational test
station equipment. The preliminary results of this study show that there were
no significant differences in student performance as a function of the training
device employed. The life cycle cost commparison among all three training
devices is not yet complete. \

Introduction

cC
Traditionally, hands-on training in the maintenance of the F-111

Converter/Flight Control System has been provided to avionics maintenance train-
ees using operational 6883 test station equipment. In fact, the use of opera-
tional test station equipment has been standard procedure throughout the Air
Force aircraft maintenance training schools. However, in the early 1970s, the
need for more cost effective trainers became apparent. Miller (1974) and Miller
and Gardner (1975) provided an extensive analysis of the need for simulated
training in general and, specifically, for the development of the 6883 3-
dimensional (3-D) simulator employed in part of this evpluation. Factors in-
fluencing the decision to proceed with the development and implementation of
6883 simulators included the high cost and low reliability of actual equipment
trainers (AET), safety factors, high noise levels in AET work areas, and the
limited scope of trainirg that can be accomplished on AETs because appropriate
malfunctions cannot be inserted without extensive and costly modifications.

Unfortunately, methodologically sound comparative studies of the
training and cost effectiveness of simulators and actual equipment used for
training are conspicuously rare and available literature on the use of simula-
tors specifically for maintenance training is even more limited. Of the studies

1This work is being conducted by the Denver Research Institute for
the Air Force Human Resources Laboratory at Lowry AFB under contract No.
F33615-78-C-0018. A more detailed discussion of Study 1 is provided in report
number AFHRL-TR-80-24.
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which have been conducted, two important points have been established: main-
tenance training simulators can be cost effective (Miller, 1978; Fink,
Shriver, Downing, & Miller, 1978; Montemerlo, 1977), and maintenance training
simulators can provide training at least comparable to the actual equipment
(Miller, 1974; Hurlock & Slough, 1976; Daniels, Datta, Gardner, & Modrick,
1975).

While only a few simulator maintenance training programs have been
in operation long enough to assess implementation effects, some problems have
become apparent. First, there is the need to assess the fidelity of the
training device in order to establish the equivalency of training contexts.
Otherwise, the evaluation design may incorporate different training and
testing contexts and render the results inconclusive. Special attention must
be given to psychological fidelity since the level of realism can have
important impacts on training effectiveness. Second, there is the need for a
criterion measure of training effectiveness. Previous researchers have had
difficulty in establishing such a measure without incurring high costs
(Miller, 1978). And finally, problems can arise as a result of instructor
opposition. Instructors may see their teaching role threatened by the
incorporation of simulation methods or may disagree with required changes in
the academic structure.

The present studies necessarily involved some of these issues. It
was important to consider the role of the simulated devices in training, their
fidelity to AETs, and user acceptance of the new equipment. Furthermore, the
cost analysis of the simulators and AET station forced examination of concepts
and assumptions that link training effectiveness with the respective system
costs.

Study 1

The overall objective of Study 1 was to design and implement a com-
prehensive comparative cost and training effectiveness evaluation between the
6883 3-D simulator and the operational 6883 test station equipment.

Research Design

This study was designed to examine three major questions: (1) the
relationship between mode of training and classroom performance, (2) the rela-
tionship between mode of training and job proficiency in the field, and (3)
the relative costs of using the two devices for maintenance training. The
basic design used to assess classroom and field performance is shown in Figure
1.

For the purpose of assessing classroom performance, four experi-
mental groups were defined by the two training modes and two testing modes
(Groups A-D). Clearly, performance differences in operating and maintaining
actual test stations as a function of the training equipment was of primary
interest. However, two testing modes, actual and simulator equipment, were
used because it was expected that the simulator might provide training or
testing capabilities which were not available on the actual equipment. Fur-
ther, it was necessary to determine the extent to which any observed differ-
ences in performance were due to familiarity with the test equipment.
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TRAINING

Simulator Actual Equipment

SimulatorA(n=2)Bn=29

TESTING Actual Equipment C (n = 28) D (n = 30)

SFIELD 
:-

ASSIGNMENT 0N

Figure 1. Research Design Used for Comparing Field Performance.

As shown in Figure 1, to assess the impact of training mode on job
performance in the field, it was necessary to consider eight experimental groups.
That is, the assessment of field performance was conducted in view of the four
levels of training resulting from the various combinations of classroom train-
ing and testing modes.

The comparison of costs associated with using the 6883 actual test
station and the 6883 3-Dimensional simulator for training was based on the
"ingredients approach" discussed by Levin (1975) in which cost elements are
identified and evaluated consistent with the ATC acquisition and training en-
vironment. The cost elements or ingredients associated with each cost category
were evaluated either as one-time costs (primarily Investment Costs) or as
Recurring Annual Costs, consistent with the Air Force perspective on economic
analysis (Williams, 1977). The major cost categories used in the present anal-
ysis were: facilities, equipment, instructional material/training, personnel,
students, and miscellaneous. For purposes of the cost analysis, it was assumed
that both trainers had equal training effectiveness and that the life cycle
cost comparison between trainers would indicate which device was the most cost
effective, i.e., the trainer exhibiting the least total cost of ownership.
This was a useful approach since it established baseline data and was consis-
tent with the original simulator design objective of developing a functional
(training) replacement for the 6883 test station (Miller & Gardner, 1975).

Methodology

P total sample of 115 F-111 avionics maintenance trainees partici-
pated in Study 1. Students were assigned to the treatment groups defined by
training sequence and the two levels of training mode and test mode. Although
training sequence was initially considered in the assignment strategy, subse-
quent analysis indicated that performance did not vary as a function of training
sequence. The distribution of students among the four resulting experimental
groups is shown in Figure 1.

The assignment of students to groups was essentially random. Tests
for aptitude and prior achievement indicated no biases across groups. Further,
there were no apparent biases in assignment with regard to student gender.
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One day at the end of the Converter/Flight Control Systems practi-
cal block of instruction was made available for data collection. This temporary
departure from the normal training schedule, effective for the duration of
this project, allowed data to be collected without altering the usual 6883
training protocol. In order to collect all information required from an entire
class of students (usually six airmen) in a single day, it was necessary to
administer the performance tests and conduct the interviews in a different
order for each student. Administration of the trouble-shooting performance
test for the first student was followed by the personal interview. During the
time that any one student was being administered the trouble-shooting perform-
ance test, the remaining students, who had either completed or were awaiting
their turn to be tested, were given a Projected Job Proficiency Test. When
all students in a class had completed the performance test, the Projected Job
Proficiency Test, and had been interviewed, the evaluation day was complete.
In addition to this primary data collection effort, other performance data was
obtained from the student records. Finally, subsequent to placement in the
field, students were again interviewed concerning their training experience
and supervisors were asked to rate student field performance.

Data needed for the cost analysis were obtained primarily from Air
Force acquisition and maintenance records. However, it was also necessary to
monitor training deviations and unscheduled maintenance of equipment throughout
the study to insure an accurate estimate of operating costs of both systems.

Results

A central issue to be addressed by this investigation was whether
simulator and actual equipment training would result in equal levels of student
performance on a practical trouble-shooting problem as might be encountered in
the field. The test which was developed consisted of a timed, serial, hands-
on, 29 item task. The test allowed three overall dependent measures of perform-
ance: a total score, the total time necessary for test completion, and a three
point rating of the degree of assistance required for test completion. Table
1 shows the mean scores for each of the experimental groups on each of these
three measures.

TABLE 1

Overall Trouble-Shooting Test Proficiency as a
Function of Training and Testing Modes
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Completion times for this actual/actual (training mode/test mode)
versus simulator/actual comparison did not differ significantly (F(1,105) =
2.193, p .14) while there was a marginal difference in total test scores
(F(1,105) 2.903, p = .09). That is, actual-trained students scored slightly
higher on actual equipment testing than simulator-trained students. This effect
is minor, though, and may be the result of machine-specific experience rather
than qualitative differences in training. It seems entirely plausible, for
example, that students would be more nervous being tested on the real test
station If their only experience had been with a simulator where the ramifica-
tion or errors are not as serious.

A brief examination of the degree of assistance required was carried
out despite this measure's lack of sensitivity. The group means reported in
Table 1 are extremely similar, and a chi square analysis showed no evidence
that ratings were related to experimental conditions (X2 (6) = 9.63, p = .14).

In sum, then, simulator- and AET-trained students did not differ
appreciably with respect to overall trouble-shooting ability as measured by
the practical test. A very slight advantage in test accuracy was found for
actual- as opposed to simulator-trained students tested on the actual 6883,
but this finding was not mirrored using commpletion time as a measure. The
simulator proved to be a somewhat slower testing device which caused some inter-
ference for actual-trained students.

The Projected Job Proficiency Test, a multiple answer performance
test, also indicated no significant differences among groups as a function of
training mode. Hence, it can be concluded that all students, regardless of
training mode, acquired equivalent job-related experience. In an effort to
assess user acceptance of the simulator as an alternative training device,
both students and instructors were asked about the utility and adequacy of the
equipment. While the feedback was mixed, generally students indicated that,
regardless of the equipment used, the training experience was both adequate
and enjoyable. On the other hand, interviews with a limited number of instruc-
tors revealed a concern about the slow response time of the 3-dimensional sim-
ulator and identified the need for more sophisticated courseware.

The results of the life cycle cost comparison between the 3-
dimensional simulator and the actual equipment are summarized in Table 2.
From Table 2 it can be seen that when both Investment Costs and Recurring An-
nual Costs are considered, the actual equipment is more than twice as expen-
sive to acquire and operate as a training device. Similarly, even if Invest-
ment Costs are considered as sunk costs, the cost in constant dollars of oper-
ating the actual equipment is still about twice that of the simulator $3,336,150
and $1,588,020 respectively.

In considering the policy implications of a 2 to 1 cost effective-
ness ratio in favor of the 6883 simulator, it is important to realize that the
estimate for the AET is extremely conservative. The costs of the CENPAC compu-
ters were not allocated to the 6883 test station and no cost element was in-
cluded in the equipment category that reflects the cost of installation and
start-up of the AET. Installation and start-up costs for the simulator were
fully allocated and these costs were perhaps unexpectedly high due to problems
encountered in bringing the simulator on-line.
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TABLE 2
The Life Cycle Cost Comparison

Cost Categories I Simulator AET

Facilities $ 110,650 $ 110,650
Equipment 1,594,330 4,902,140
Instructional/Materials 26,000 27,890
Personnel 94,250 72,530
Students 357,770 357,770
Miscellaneous 0 0

TOTAL $2,183,000 $5,470,980

NPV (1978) $1,501,090 $3,895,680

$/student-hour $348 = $23/ $902 = $60/
15 yrs student-hr 15 yrs student-hr

Study 2

To more fully explore the use of alternative training devices, a 2-
dimensional 6883 simulator was designed and developed. This training simulator
is significantly different from the 3-dimensional simulator evaluated in Study
1 in a number of important ways. First, the 2-dimensional device is composed
of four components, or part task trainers (PTT), which can be used for instruc-
tion in either an integrated system approach of in an individual component
approach. The four components are a logic trainer, a switching complex trainer,
an O-scope trainer and a flat-panel trainer. Secondly, the design of the 2-
dimensional simulator incorporates less physical fidelity to the actual equip-
ment than the 3-dimensional simulator. Finally, the switching complex trainer,
a component of the 2-dimensional system, provides training which is not avail-
able on the 3-dimensional simulator and which has previously been taught only
on the actual test station equipment or using more traditional classroom methods
(e.g., black board).

The purpose of Study 2 was to incorporate this 2-dimensional simula-
tor into the training and cost comparison conducted in Study 1. Initially, it
was expected that the performance and cost data relative to the 2-dimensional
simulator could be easily integrated with that for the 3-dimensional simulator
and actual equipment already collected in Study 1. However, it became apparent
that this would not be possible. Concurrent with the delivery of the 2-
dimensional simulator, several course objective and training format changes
occurred which resulted in dramatic modifications to the Converter/Flight Con-
trol System blocks of instruction. Thus, it was necessary to collect perform-
ance data simultaneously for all three training devices.

Since previously collected performance data could not be utilized
in Study 2, a decision was made to use this opportunity to modify the data
eollection instruments used in Study I and to incorporatp a preassessment test
package into Study 2.



Research Design

Figure 2 shows the research design employed to compare student oer-
formance across the three training devices.

Testing Mode

AET 3-D 2-D

AET A

3-D B E

2-D C F

3-D/PPT D (X) (Y)

Figure 2. Study 2 Research Design

Since the 2-dimensional simulator was developed with peripheral part-task
trainers (PTT), one of which was used to provide patch-panel training for 3-
dimensional simulator training, the 3-D/PPT training mode was added to the
design. In sum, the Study 2 evaluation effort was designed to analyze only
six of the twelve possible configurations due to a limited anticipated supply
of students during the course of the evaluation. Also, since subsequent equip-
ment malfunctions necessitated reassignment of experimental groups, not all
matrix cells could be filled as anticipated, and two additional cells were
included (X and Y in Figure 2), although sample sizes in these cells remain
insignificant.

Methodology

A total of 119 students have been tested to date in Study 2. A
major effort was devoted to redesigning student performance, user acceptance
and equipment monitoring data collection forms based on observations made during
Study 1. A preassessment test package consisting of three aptitude tests was
also included in this study and was administered to all students at the begin-
ning of the 6883 instructional block. This preassessment, including the Delta
Concealed Figures, the Delta Reading Vocabulary Test, and the Ship Destination
Test was designed to assess the spatial, verbal, and logical abilities of stu-
dents. The purpose of this package of tests at the initiation of 6883 training
was to ascertain if differences in student aptitude exist which could influence
subsequent performance evaluation.

The two major Study I performance tests, the Hands-On Trouble-Shooting
Test and the Projected Job Proficiency Test, were redesigned to facilitate a
more rigorous item analysis and to reduce the overall amount of time needed
for data collection. An additional Paper and Pencil Trouble-Shooting Test was
incorporated into the performance measure package to assess students' knowledge
of the electronics system and their ability to follow TO diagrams in the identi-
fication of electronic failures and malfunctions. The Student Interview, In-
structor Survey and Training Monitoring forms were also redesigned to simplify
implementation. The field follow-up forms remained essentially the same as
those used in Study 1.
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Results

Study 2 analyses are preliminary at this time since the contract
period will not expire until December 30, 1981, and data collection will con-
tinue through mid-October 1981. Table 3 shows the means for the four groups
on preassesstent measures.

TABLE 3

Preassessment Measures for the Four Experimental Groups

Training Mode

,,. AET 2-D 3-D 3-D/PPT Total

Hidden Figures x 5.60 5.58 4.58 4.62 5.20
(n) (35) (36) (33) (13) (117)

Vocabulary x 26.49 24.03 27.79 26.92 26.15
(n) (35) (36) (33) (13) (117)

Ship's Destination x 35.51 36.61 35 27 33.83 35.61
(n) (35) (36) (33) (12) (116)

A preliminary analysis indicated that there were no significant
differences in the preassessment scores among the four experimental groups.
Specifically, when all four levels of training were included in a series of
one-way analyses of variance, no significant differences among means were found
for any of the preassessment tests. However, when the 3-D/PPT group was ignored
a marginally significant effect of training mode was found for the vocabulary
measure (F(2,101) = 2.60, p = .079). Table 4 shows the means for the four
groups for each of the three performance measures used.

TABLE 4

Performance Measures for the Four Experimental Groups

Training Mode

AET 2-D 3-D I 3-D/PPT Total

Hands-on Score x 21.50 22.53 21.74 21.77 21.91
(n) (34) (34) (35) (13) (116)

PJPT Score x 20.77 20.58 20.85 21.23 20.79
(n) (35) (36) (35) (13) (119)

P&PTS Score x 19.29 19.47 17.52 21.23 19.11
(n) 1 (31) (36) (29) (13) (109)

When all four levels of training were submitted to one-way analyses
of variance, no significant differences among means were found for any of the
three measures. When the 3-D/PPT group was not included in the analysis, a
marginally significant effect of training was found for the hands-on test scores
(F(2,100) = 2.51, p = .087). However, it should be stressed that this analysis
collapsed student groups across testing modes and that heing trained and tested
on different systems may result in confounding of performance measures due to
unfamiliarity with the equipment used for testing. In fact, an analysis
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involving only those groups of students who were trained and tested on the
same equipment revealed no significant differences in performance on any of
the three measures.

Unfortunately, at this time the data required to compare perform-
ance as a function of training equipment, when only the actual equipment is
used for testing, are unavailable. This information will, of course, be a
major component of the final analysis of Study 2 data.

Finally, while the life cycle cost comparison among the three train-
ing devices has not been completed, it is clear that the 2-dimensional simulator
will be significantly more cost effective than the actual equipment. However,
the relative cost effectiveness of the two simulated test station systems is
not known at this time.

Discussion

Based on the results of Study 1 and the preliminay analysis of Study
2 data, it can be concluded that students trained on the 6883 3-D and 2-D sim-
ulators oerformed as well as students trained on actual equipment. It could
be argued, however, that the primary benefits of emploving simulated trainers
were simply not realized. It is often assumed that simulators designed to
replace the more costly, less reliable, and more dangerous actual equipment
trainers must maintain a high level of physical and psychological fidelity.
This assumption stems from the fact that the simulators are usually integrated
into existing curricula and are generally used by instructors in a manner identi-
cal to the way the actual equipment had been used. Given this limited perspec-
tive, it is not surprising to observe equivalent student performance when em-
ploying simulated and actual equipment trainers. Hence, the outcome of cost
comparisons is likely to become the major factor directing future procurement
decisions.

It would seem that a decision to use simulators as supplements to
actual equipment trainers would allow more flexibility in their design, since
the actual equipment would be retained to insure compliance with existing
training requirements. If simulated and actual equipment trainers are used in
conjunction, improvement in performance must be demonstrated to justify the
obvious additional cost of acquiring and maintaining two training devices.

In addition to performance and cost considerations, r'her factors
may play a major role in the decision to employ simulated test stations as
trainers. For example, it is unlikely that a simulator of any quality will be
accepted into existing training curricula if it is not somewhat consistent
with established instructional practices. To encourage instructor acceptance,
the simulator should be effective as both a visual aid and demonstration tool.
This would allow the simulator to be effectively incorporated into training
segments (e.g., theory familiarization) which do not include extensive practi-
cal trouble-shooting experience. Such a dual purpose simulator would be almost
essential if total replacement of existing equipment Is planned. The potential
impact of simulator training on student performance may best be acheived if a
"utilization strategy" is designed to accompany the placement of the equipment
into an existing training environment. Designing such a plan to highlight the
real and potential uses of the simulator would insure that its unique training
capabilities were tapped, and that benefits such as improvPd Rtudent perform-
anec, consistent training, reduced training time and cost savings might be
more readily observed.
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The generalizability of the findings presented here is, of course,
limited. While every effort was made to adapt experimental desiRn prineiples
to this natural setting, it was not possible to rely on many of the premises
of basic learning theory. Until parameters such as course content, training
method, and duration of training, all known to affect learning, are subject to
more careful control, a rigorous cost effectiveness analysis of simulation
training is not possible. To answer the question, "Do simulators provide more
cost effective training than actual equipment trainers?" we must be able to
maximize the capabilities of simulators. Simply stated, operational test sta-
tions were not designed for training purposes, but simulators can and should
be designed solely for that purpose.
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C

C There have been spent several efforts in showing that the low

validity of personality inventories can be raised.

The approaches to this problem have been inspired by one of the

followig assumptions :

(I) The validity depe.ids on tne trait that is measured.

(2) The validity depends on the criterion that is used.

(3) The validity depends on the individual that is assessed.

(4) The validity depends on the situation in which the inventory

is responded to.

With regard to assumpt~on four Clacys et al (1981) found that the

validity of a personality inventory was much higher vhen preceded

by a free selfdescription. The free-personality description used

in `,is research inspired a new method for collecting situation-

related individual personality data.
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HOW TO I FPROVE THE% VALIDITY OF PERSONALITY QUESTIONNAIRES

--FACTORS IN THE VAIIDITY OF PERSON.ATITY INVENTORIES

W. CLAFYS, P. DE BOECK, A. BFIHRER

"Mischel (1968) has gathered an impressive amount of

evidence showing that personality inventories have only a

1ow validity when behavioral measures are used as a criterion.

His conclusion is that the typical velidity coefficient has a

value between .20 and .30, the s,-cai]ed "personality coeffi-

cient" value.

Apart from criticism on the way Mischel arrives at his

conclusion (see Block, 1977), there have been spent several

e'forts in showing that the low validity can be raised. The

aporoaches to this problem have been inspired by one of the

following ass umptions

(1) The validity depends on the trait that is measured.

(2) The validity darends on the criterion that is used.

(3) The validity depends on the individual tnat is assessed.

(4) The validity depends on the situation in which the in-

ventory is responded to.

Differential validity as a function of the trait

Mc onwan and Cormly (1976) have shown that Mischel's con-

clu.sion maiv not be generalized_ to all of the personality

traiis. PynamisLI, fur evampl., like it is expres-sed in fy-

-. tv. c uS - ' b" stabl across situations so that

ln.!: i'u;•l riift r :. ' tr it t ra t may be m.)asured in a

va] i 1i.. 1r t. might b, cn cluded that there

t-:: g : i 'eioselves so a valid measure-

K...rj.f.,ee is. a-"-esibili~y, due

- , "ox, *. r o--.- k-rc-orrel.itions
_ • _. .~~~*. -..:. ' " + -, .. . . "' " .. .. '{ 1 • ' ]

.. T- . v 1)eiri
r" be jderived

S" . ",, ..- -. /:. .,. •: ": j. , :•r ix inJ•t d ividu-"

.". 0] . t , , does
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In conformity with that theory, Bem and Allen have found th-,:

not all of the individuals may be assessed on friedliness

and conscientiousness in a valid way. The validity clearly depe7

on the cross-situational variablitv of the individual within

the trait domain under consideration. This finding has been

replicated by Kenrick and Stringfied (1930). In the same arti-

cle it is shown that also the observability of a trait has

implications with respect to the validity, at least when ratings

by others are used as a criterion. Traits with high obser.vabi-

lity yield clearly higher validities than traits with low ob-

servability.

Differential validity as a function of the criterion

The criteria that are used by Mischel (1968) to evaluate the

validity of personality inventories are ratings or observations

of behavior in specific situations. One might argue that such a

criterion is ton cpecific and not reliable enough. That is why

Fishbein and Azjen (1i74), Jaccard (1974), and Epstein (1980)

have used combined criteria, i.e. scores summed or averaged

over several situations, several times, and/or several modes of

behavior expressio- in the same trait domain. All of these

authors have shown that the validity can be raised substantially

by using a combined criterion. Lven validity coefficients

amounting to .80 are reached.

Differential validity as a function of the individual

If it is true that individuals differ as to the degree of

variability across situations, then it might be expected that

traits may be measured in a valid way in some individuals (low

variability individ,,als), but not so ir. others(high variability

individuals). A personal style with implications to behavioral

variability is the degree of self-monitoring. A high self-

monitoring person has the abilitv and the habit of adapting

himself/herself to each situation, and hence to behave in a way

that is most appropriate to the given situation. His/her beha-

vior .s supposed to deppnd more on the situation than on per

sonality traits. This hypothesis has been confirmed by Snyder

(1974), and by Snyder and Monson (1975).
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The logical consequence of this finding is that inventories

should be less valid for self-monitoring individuals. That

is what indeed has been found by Snyder and Swann (1976). In a

study of Lippa (1978), however, this finding is only replica-

ted with respect to neuroticism, but not to extraversion.

High self-monitoring subjects are able to monitor their behavior

so that they do not seem neurotic if it is appropriate, whereas

low self-monitoring subjects cannot hide a possible neoroticism,

even if suchlike behavior is really inappropriate in the situation

in question.

Behavioral variability may be considered as an expression

of the flexibility of well-adapted person in contrast to the

rigidity of a maladjusted person. This consideration makes

sense from studies of Moos (1968), Kogan and Wallach (1957), and

Snyder and Monson (1975), so that it may be expected that person-

ality inventories are more valid in abnormal than in normal

pop ulation~s.

Finally, there might be individual differences in the degree

of awareness individuals have of their behavior. Individuals

who are aware of their behavior may be expected to give more

Valid responses tc a personality inventory. Awareness of own

behaviorsý is a special case of a more general style variable

that is called "self-focused attention" ("private self-conscious-

ness"). It has been. shown by Scheier, Boss, and Buss (19783) that

an agressiveness invento)ry is clearly more valid in a group of

strongly self-focused individuals (r= .66) than in a group of

only weakly self-fdcused indi-viduals (r= .09).

Differelntial validity as a 'function) Of the sitUationD

F'rcm the research of Duval and Wicklund (1972), it may be

con-cluded that self-focused attention can be prompted by the

~:tatinfor example by putting a mirror in front of the sub-

j't Ac) 'hat. he/she can e him/heýrself. Other methods are:

p lavinrg a hand-reconrder en ub ich th~e subject hearsý his/her own

VO I O, ,n usn T-an J.It turnecd cut 'La 'ld he self -

rrpcrt validity in- ruio ndor condlitions, favoraible to self-

aontinn (Proyorý, Gibblons, Wiku-,and !'odd, 197-).



An other situation that has been shown to favor inventory

validity is the preceding of a free-response method of self-

report (Claeys, De Boeck, and Van Den Bosch, 1981). It might

be interesting to extend somewhat on this research because the

results are clear but not yet published.

A first study was set up to compare the validity of a

free-response method, and a structured personality inventory.

The inventory (Five Personality Factors Test, 5PFT; Elshout

and Akkerman, 1975) consists of five factorial scales :

Extraversion, Friendliness, Conscientiousness, Neurotiscism,

and General Culture. The inventory is based on the personality

sphere described by Catell (1957). In the free-response method,

the subjects were required to give 10 adjectives that are des-

criptive of their personality. After on, all of the adjectives

were judged on each of the five traits of the inventory by a

group of 10 experts, so that each adjective could be given

" value on each trait. The averaged value of the adjectives from

"a subject on a trait served as a score of that subject on the

trait in question. Two orders of presentation were used for

the self-report : inventory/free-response method, and free-

response method/inventory. The criteria to assess the

validity consisted of behavioral ratings with respect to the

traits of the inventory. Each subject was rated by his father,

his mother and a friend. Subjects were 84 -ale students from

the final year in a high school in a Dutch speaking town in

Belgium.

The validity of the two self-report methods, the inventory

and the free-response method, was about equal, but very low

(r; .20), in conformity with the personality coefficient cited

by Mischel (1968). A more interesting finding, however, was

that the validity of the inventory was much higher (about .50

on the average (1)) when the free-description method preceded

(1) The validity coefficients that are mentioned concern a com-
bined criterion, i.e. the summed ratings from father, mother and
a friend. However, the task order effect on validity did not
depend on the rater. Similar effects were found for eacn of the
rate rs.
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the inventory, then when the reverse order was used, in which

case the validity is virtually non-existent. The same effect

shows up with respect to the validity of the free-response

method, i.e. its validity is much higher when it comes first

than when it is preceded by the inventory.

To test the replicability of these findings, a second study

was set up with essentially the same procedure and with a sampli

from the same population. Again the validity difference was

found as a function of the task order. The validity amounts to

.43 when the subject starts with the free-response method, wherE

as a value of only .15 is reached when the inventory precedes.

A possible reason for this effect is that the free-reponse

method stimulates self-focused attention much more than the

personality inventory.

Discussion and Conclusion

In general, there seems to exist means to raise the validity

or personality inventories. The first solution implies that only

some traits may be measured. Therefore, this solution is only

satisfying if one is interested in one of those exceptional

traits. The second solution asks for combined criteria, whereas

in practice one is mostly interested in simple criteria. The

third solution restricts the use of inventories to subgroups

of subjects, so that also that solution is rather unsatisfying.

The fourth solution, namely providing validity favoring situa-

tions, is more hopeful, as it might be general in its applica-

bility,

One may wonder, however, whether a concentration on the use

of inventories is still appropriate in the light of a view on

personality that has become less trait-Lased, less nomothetic,

ann more oriented to the individual person and his interaction

with the situation, and to the processes involved in that inter-

action (Lamiell, 198i; Nagnussor and Enler, 1977; Mischel 1973).

Such a method was developed by L.Pervin (1976,1978). Pervin

a ks tl.e pcrson to ttll a number of rather important situations

or events h& experienced during the past year. After that, the
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person has to say how he percieved each situation or event,

what his feelings were and how he did behave. The obtained in-

formation is put in th.- matrices. The first one contains situ-

ations x situational characteristics (feelings, perceptions),

the second one situations x behavioral characteristics. The

task of the subject is now to indicate to what degree each

characteristic applies to each situation. The obtained data

can be analysed by a number of different methods.

Inspired by the Pervin-method and by the free-response task

used by Claeys, B~hrer tries to develop an individual persona-

lity assessment technique. The subjects are required to give 10

adjectives that are descriptive of their personality. After

that, they have to indicate in which kind of situation and/or

in relation with which person each given adjective is clearly

appropriate and to illustrate this by a concrete event. Finaly

it is asked how they feel about being (or reacting) that way.

We hope, by this technique, not only to improve the validity

of our measurements but also to render the selection procedure

more acceptable for all subjects.
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The Identification of .ommon Wlork Duties in 13 Federal
Technical (ccupations

Stephen P'. Cornier
--.. Personnel Research Psycholopist

Office of Personnel l'anagerent

"A A comprehensive job analysis was conducted as the first stage0 in the development of a new examination for 13 occupations currently

z using the Junior Federal Assistant examination. These are technical oc-
cupations with the entry level at the CS-4 grade level. The need to survey
a number of occupations at the same time creates potential advantages and
disadvantages for the conduct of job analyses. Some of the critical issues
dealt with in the course of the current project involved the level of gener-
ality of the individual task statements,incorporation of tasks frov dif-
ferent occupations in a single inventory, and procedures for determining
commonality between the different occupations. Approximately 3000 employees
were selectee to complete the inventory, using a sampling procedure which

C:ý took 4.nto account the relative proporti-ms of workers in the 13 occupations
mc and the agencies and locations where they worked. a
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Although job analyses are playing an increasingly important role
in personnel psychology, it still remains one of the more onerous and ex-
pensive activities in the field. In part, the expense of job analysis
has been due to the requirements of the Uniform Guidelines, which set
detailed standards for the job relatedness of various psychological in-

struments such as examinations, performance appraisal systems, train-
ing programs etc. In addition, there has been increased concern about
the validation of such instruments against criteria which are reflec-
tive of actual job performance. This has also led to more elaborate
job analysis techniques. Thus, there is an incentive to develop pro-
cedures which can minimize inefficiency while still retaining neces-
sary methodological and legal characteristics.

The Junior Federal Assistant Examination Development Project,
under discussion here, involves a number of factors with a bearing

on the issue of the cost-effective conduct of the job analysis. These
factors are: 1) the purpose for which the job analysis results will
be used,2) the level of specificity of the task statements, and 3) the
number of occupations to be studied. As we shall see, the first two
points should be considered to be interrelated. The JFA project is
designed to produce one or more selection devices that can replace
or supplement the existing JFA examination. Thus, the present paper

particularly applies to job analyses conducted as the initial step
in examination development more than for training and classification.

Actually, there has been a general distinction between job
analyses to be used for training/classification and those used as the
basis for dev~ping selection instruments (e.g. McCormick,1976,1979).
The differences between these two approaches have generally been more
in terms of the questions asked about the tasks than about differences
in the level of specificity of the task statements. For example,
a job analysis conducted for training programs might ask the raters

to rate each task in terms of the time to train, the feasibility of its
being trained on-the-job, the extent of training in school etc. A job
analysis intended for selection purposes, on the other hand, might
only ask for the criticality and time spent performing the task. How-

ever, the task statements themselves might well be identical in both
cases.

Fruchter. itarin, and Archer (1963) in fact state as a theore-

tical ideal that all task statements should be equal in specificity,
although acknowledging that practical considerations might weigh tn

favor of variable levels of specificity. In line with this view is the
suggestion by Melching and Borcher(1973) that occupational inventories

should include at least 200 hut no more than 600 tasks. They argue that
to include fewer than 200 tasks in an occupational area would result in
task statements so general that they would yield little specific in-
formation about jobs.

Recent research is changing this picture, however, and indi-
cating that there need be less concern about highly specific and de-
tailed task liqtc in examination development. SchnidrHunter, and Pearl-
man (1981) showed in two studies comprising a massive sample size of
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nearly 400,000 subjects that the moderating effects of task differences
had only a small impact on test validities. This proved true even when
jobs were vastly different in their task composition. The validity of
different test types such as verbal ability,perceptual speed,quanti-
tative ability etc. were assessed across five distinct clerical families
of jobs(stenography-typing,computing-accounting, production and stock,
information and message distribution, and public contact and investi-
gations). A comparison of the mean observed validity across these cler-
ical job families with the pooled validity showed that there was a
high degree of similarity between the test validities in different job
farilies. In addition, the standard deviation of validities within fa-
milies was not significantly smaller than the pooled standard deviation
across job families. These results held true for validities using either
proficiency or training success criteria.

In a second study, differences in validity were considered across
Army occupations differing very substantially in their task composi-
tion (e.g. radio repair,welder,cook,dental assistant). The same kind
of comparisons between nean and pooled validities were conducted for
the basic test types used in the first study. A high correlation was
found between the validity estimates of the first study with those ob-
tained in the second. The true standard deviation for the test type va-
lidities was found to be .1081. As Schaidt et al. note, for SDs of this
size,very large sample sizes are needed to detect the moderating influ-
ence of different jobs, even when the difference is one or two SDs.
Since the average validity of these different kinds of aptitude tests
was .45, 90% of the validities across different jobs have values be-
tween .27 and .63. Even at the lower end this is a respectable and
useful validity. In addition, it should be remembered that the varia-
tton among jobs is about as extreme as will ever be found in normal
organizational situations.

Other studies have also reported substantially similar vali-
dities across occupations (e.g Ghiselli,1966; Maier & Fuchs, 1969).
For example, Chiselli found that clustering jobs according to simila-
rities of average validity patterns of aptitude tests resulted in the
grouping of jobs which had little apparent similarity in the nature of
their respective tasks. He concluded that jobs appearing to be dif-
ferent in terms of the nature of the work may require similar job-re-
lated abilities (cf. Moblev & Ransay,1 9 73; Randhawa,1978).

Development of the Inventory

The occupations included in the present job analysis were those
series Identified as primary users of the current JFA exam for selec-
tLion. The exam is being used for entry into a number of technical occu-
pations in the Federal government at the GS-4 level. Although certain
other occupations make selections off the JFA register, this is done
out of convenience rather thas as a result of occupational standards.
The 13 occupations covered in the present study are listed in Table 1.

It is obvious that the occupations using the current JFA exam
are a diverse group. The central question of the job analysis is the
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depree of underlying si-i ri' (2i .I l t ! L I it ee (i iif ft rt'ttt
series. In acddition to ti.e vii 1 it, C ,t E Cra1,; n..L ,,r ;r-twt r'.ised Ire 'vi-
ously, tl:ere are two othier i sL Ol 0 ouc- ol t- c ,. ivereo. Yirs *, a!-
though two series ripght be d(-,l in" itf. different it:hject ratter, the
tasks assigned to tle techenic, -5r5 FI IIn :1 5 st-tIl t e sare
activities. SeconvIyit is evtr-'.--vt 1 i('q tic;, -a Irc ruirn to
he filled tbrouph wbatever sel.ctio evices .r( velopt-d. ,J'il- s;r-
cialized knowledge ray be irportart at liti -r .r,: levels, -ic 1 kwu{..
ledge is not reouired at tie entry-level.

As noted, one of tie m-ajor concerns of t ris paper is the cues-
tion of efficiency in the condutct of job analyses. 7i is is [,articular-
ly important when a number of different occu[atiors are heing sur-

veyed at the same tirie. At tlhe outset, a nvrumber of basic decisions were
made on the developrent of an approFriate task inventory for the 13 oc-
cupations based on the research literature and the purpose of the study.
First of all, piven the accurnilatinp evidence on the small imrpact of
task differences on test validities, it vas deemed unnecessary to de-
velop long lists of nolecular tasks for earl, of tie 13 occupations. In-
stead, it was felt that the level of specificity of the staterents
should be somewhere between an overall dut' and a ;',.xrticular task. Fe-
condly, since the purpose of tlhe analysis •.-s to ceternine occupational
cormmonalities, it zrade sense to use a single inventory containing the
duty/task statements for all the occupations for three reasons: 1) the
reduction in the numrber of task statements for eacth occupation made
it feasible to include thern all in ti:e sane b-ooklet, 2) all tie respon-
dents could he exposed to the sane set of tasks to rate, thereby ma-
king the measurement of response cornronality possible,and 3) in
sore locations,different occupations can he foun(! together ,Pn(-
surveying bercores easier when the inventory cap he u~sed by alI
occupations.

The developrent of initial lists of tasks was started in tie
usual way by examining descriptions and standards for the occupations.
O nce an initial list of task's for each occupation w-as extracted fre-
these materials, they were put into a fort- which would meet the require-
rents concernirng' corprelensi~ility, obseruahiliry etc,. rertioned in
the bnifnrmr Guidelines,. esides tiese more or less tecl.nict I rtvisioris,
the general question of task spccificity %-a, exar-ined .-'hile rewriting
tie duty/task statements.

The rain concern .:as to lave tie crutv/tas' staterents preserve
fundamental and re;,0 dif!ec.P-c. irn r c natirt, of tasks witltoust reflect-
inr rinute or terr-in. o;',ical ditY rtrtin-(::. *;i'iFir .;vctors existed since
tie overall grade 'vels tinetr corsidcr.,r iCf for t u ncct; ;ttions ait-

eetiivalent and tihus ife l-vw'i ,-f iit rico'lt% V ti ' be as !cel iti.
respt-nt to tast diff re;ct'-s,t~r =-' ;alC!• r;n'-. las toni s inveolvira',

ti'e filin, of different fors; .1•,eer.) c-r-tort ;n! le.vel of diffi-
cultv ' co ld be- esserti,-,I l i, 1;-t.. 'I C-, icf•t tn trx to reviti,
tas1 state'-errs o tbat - -a'tc ce ruti ,r ti-," fo;rm 'otl.
he pre~served•. .11 -lt' 1-cM -- ,tt. r *'Y~r . -' ,•a|r; N,.t .|10 sul-rit-rjer;,* t soi~r&t'

f~~~ itI.?-r tve ,c~l e -
t.-,in tacks could c( r1;;,: -t , C riof i:-t(- r . , v.t ra



duty/task. '•rce tie rough form of the inventory was determined, panels
of S,-s fr-or each, occupation evaluated the task lists for their jobs.
.-fter tie review pane] for each occupation had gone over the invento-
ries and agreed that the lists were accurate and co-prehensive,the In-
ventories were chanped to reflect their commrents.

The final inventory was corposed of a background section
containinp a nurnher of hiopraphical questions to ensure that a repre-
sentative sarple had been obtained. Following this was the list of 222
tasks for all 13 occupations. The tasks were arranged in alphabetical
order rather tban by occupation to ensure that the respondents
vould lool at all the task statements. Fach duty/task was to be rated
on perforr.ancetine spent, and importance scales.

Adr-inistration of the JFA Inventory

In order to ensure that the results of the job analysis were
representative of the work force, a sampling plan was developed. Es-
sentially, a probability sarple was created using occupationagency,
and location as the controlling factors. Each occupation has a differ-
ent population size than the others and the total range is quite large
(S4 erployees in series 992 compared with 25,960 in series 2005).
Due to the wide variation in occupational size, it was impossible to
maintain the exact proportions in the sample, although an effort was Lade
to approximate the correct proportions.

,ther important considerations that were desirable to. take into
account were the age,ethnic composition,grade level and sex of the re-

spondents in the sample. These last variables were more subject to
the individual agencies than to OFM.

Approximately 3000 employees were sampled in the 13 occupations
being analyzed. Tl'e respondents worked in variovs locations around the
continental anited States. (Nlv those employees 'n grades 4-7 were
sampled since the 'uidelines indicate that only those tasks likely
to be asked of the average erployee within 5 years of enLry into the
-ccupation shottld he considered in entry level exam development.

Yesults and Discussion

(If thie 2cý,' inventories that were completed, 211 had to be dis-
cardc.e hecause thev were too incormplete to process (e.g. the irgpor-
t.ince scale vas not filled out), respondents were not in grades 4-7,
r -ey e hiopraprlical data was miscoder. Since tile original probability
sarrie had specified about 20(V respondents some deletion of inventor-
ies was necessary. This was particularly the case since the overrepre-
sentation was not consistent fror occupation to occupation. A computer
Frorrrat Ua. used to randorly select the correct propuirtions from eact.
oc~c ; Jitv|r.

"-sinp the biographical data, it was possible to ascertai,- that

t -:l j. n- . Lie ci;aracteristics of tie overall po~t:lation on
;nl,--1nt all nf tIe relevant varial-.les , incltdinp r inority represertation.
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Since,as expected, there was a high degree of correlation be-

tween the ratings on tine cpent and importance on the duty/tasks,it

was only necessary to analyze the data on the latter scale. The duty/

task ratings on importance were first analyzed using the method advo-
cated by Christal(1974). Each task rating was converted to a percen-

tage of all the ratings from each respondent. Then these proportions
were averaged over all raters and not just those performing the task.

The importance ratings for all the duty/tasks were analyzed at

both the occupational and combined level. A rational criterion was set
in order to identify the most important tasks. The criterion was sug-
gested by the forn of the data: there seemed to be a natural dichoto-
my between the top 10 or 15% of the rar'd duty/tasks and the remainder,

at both levels of analysis. In general, duty/tasks rated by at least
25-30% of the respondents had a good chance of being included in the

top group.
At the overall level,32 of the 222 duty/tasks exceeded the

criterion mean . Approximately the same number of duty/tasks exceeded

the criterion at the occupational level as well. Although each oc-
cupation had critical tasks idiosyncratic to the occupation, there
was a great deal of overlap between the critical tasks at the occu-
pational level and at the combined level. Table 2 lists the percentage

overlap between the critical duty/tasks of each occupation with the
critical duty/tasks identified at the combined level. As can be seen,
all but one of the occupations has an overlap of approximately 50%
or more with the overall critical duty/tasks. The exception is the
1105 series with a 35% overlap. At the upper end we have the 1107
series with a 90% overlap.

In order to obtain a more precise view of the interrelation-
ship among the 13 occupationb, cluster analyses were performed on the
importance ratings from the various occupations. A method proposed by

Johnson (1967) was used because of its cowmpatibilitv with data pos-
sessing only known rank-order properties. The algorithm contains the
following properties: 1) input consists solely of n(n-1)/2 similarity
measures among the n objects under study and 2) the clustering is es-
sentiallv invariant under monotone transformations of the input simi-
larity data.

The similarity matrix was constructed using the measure des-

cribed by Archer (1966). The overlap between any pair of p variates
in the form of relative frequencies is found by selecting the mini-
mum proportion from each pair and then forming the sun of such pairs.
A sum of 0 indicates no correspondence while a sum of I indicates a
vert ct correspondence.

Johnson specifies two possible approaches to the identifica-

tion of cluster or similarity solutions, namely, the minimum and max-
imum methods. In the maximum method, for each clustering the diameter

of the cluster is computed. The value of the clustering is the maxi-
mum diameter of the various clusters. The nininum method follows the
qane initial steps as the maximum procedutre; however, the distance
between any sequence of objects is determined. The nrocedure can I In-
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tify long serpentine-like shapes. The total size of a chain is the lar-
gest link distance, while the chain distance between any two clusters is
the ninimal chain size of all chains between the two.

In the present study both procedures were used although it was
felt that the the minimum or connectedness method would probably yield
the most interpretable results. This is because of the inherent nature
of the task data across occupations; each occupation will have a num-
ber of idiosyncratic tasks that will make compact single clusters more
unlikely but linkages more likely. A similarity matriy was computed
for the importance data from the 13 occupations. This similarity matrix
was then analyzed according to the minimum and maxinum methods with
the results appearing in Tables 3 and 4 respectively. The graphical
display is generally in the form of a rJiht triangle where objects are
merged one by one until all are included. As expected the minimum method
produced somewhat more coherent results although there was significant
inter-agreement. In Table 3 it can be seen that there are two main
clusters of occupations; the first comprises series 962,992,1105,1107,
1411,and 1421, while the second comprises series 963,986,990,1702, and
2005. Even these two clusters quickly become merged at a relatively high
level(.599). The 344 and 1106 series on the other hand seem to be ano-
malous in terms of their response pattern since the incusion of these
two series substantially decreases the index of similarity (.250).

In Table 4 we see the results from the maximum or diameter me-
thod. Again, series 344 and 1106 appear to be the most resistant to
clustering. The two main clusters of the connectedness method are divi-
ded into four,possibly for the reasons discussed above. The
various clusters do merge, but at a lower level than in the connected-
ness method (.20). It should be noted in connection with the two
anomalous series that there is some indication that duties assigned
by the employing agencies have a significant amount of heterogeneity
in these series. This may account for their position as outliers.

The results indicate that at least 11 of the 13 occupations
possess substantial commonality among themselves, based on the over-
all pattern of importance ratings on the duty/tasks. Since even with

the two outlying series there was substantial overlap on the most cri-
tical tasks, the commonality may even be stronger than suggested by
the cluster analysis, at least as far as the Guidelines are concerned.
The Guidelines indicate that different jobs can be grouped together
for validity studies when they have substantially the same major work
behaviors( U.S. EEOC et al. p.38300,section 14b) .

Similar findings for clerical occupations have been reported
by Abbe(1980). A single large cluster of clerical occupations were
established using a variety of techniques, including the present
approach,factor analysis, and principal component analysis. Thus, there
is good reason to believe that more cost-effective methods of job ana-
lysis can be employed in examination development consistent with legal
and methodological requirements.
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I. (5-344 tanagerent Pssst.,'t

2. CS-P6F? Contact Peprcsentativt
3. CS-963 leal Instrurents Fxj'r ner
4. CS-086 legal Technician

5. CS-990 Ceneral Claims Ixarincr
6. CS-992 Loss and Pamage( Clairrs Examiner
7. CS-l115 Purcbasing Agent
F. CS-1106 Procurement Technician
9. GS-1107 Property [,isposal -ccriiciar
10.CS-1411 Ilbrary Tecbnician
11.CS-1421 Archives Technician
12.(;S-1702 Edncation and Training Teclnician
13.CS-2005 Supply Technician

Table 2

Proportion of ('verlap letween tie "ost Irportant
Tasks at the Combined level witi.l tce (ccupationai level

Series Proportion of (verlap

244 .65
'962 .56

963 .55
986 .73
990 .4F

992 .47
1105 .35
11( , .74
1 10 7 . p

1411 .5(
1421 .02
17()2 1
('[09 .FI



Table 3

Cluster analysis usin? the connectedness rethod

Sirflarity Occupations

Index
I. P. 10. 6. 7. 2. 9. 11. 4. 12. 5. 3. 13.

.992(0500E 05 . . . . . . . . . . X XX

.9P700400FOS .0. . . , X X X . . X XX

.96700500F 05 . . . . X X XXX . . . X X X

.94500600F 05 . . . . X X XX X XX X XX

.82400400F 05 . . . . X Y X X X X XX X XX . X X

.76100500E 05 .X X X X X X X X X X XX X XX

.82400300E 05 . X X X X X X X X X X X X XX X XX

.75100700E 05 . X X X X X X X X X X X X X X X X X X

.76100500E 05 . X X X X X X X X X X X X X X X X X X X X

.59900400E 05 . X X X X X X X X X X X X X X X X X X X X X

.26000700E 05 . X X X X X X X X X X X X X X X X X X X X X X

.25000700E 05 X X X X X X X X X X X X X X X X X X X X X X X X X

Table 4

Cluster analysis using the diameter method

Similarity Cccupations
Index

5. 7. 1. 8. 4. 12. 6. 10. 2. 9. 11. 3. 13.

.9Y200500E 05 . . . . . . . . . . . X X

.98800400E 05 . . . . .. . X • X X X

.94500600F0 05 . . . . XXX • . XXX . X X Y

.89P00500F 05 .Y. . . XX X X X XX X XY

.P900500E 05 . . . X XX . . XX X X X X

.7450P.300E 05 . . . . Y X X X Y X Y X Y X X X X
I70P040OF 05 XXX . . X X X X X X X X X X X X X X
,26700600F 05 X XX X X X X X X X X X X X X X X
.2020040(01: 05 X X . . X X X N X X Y X X X Y X X X N N
.1I 500070OF 05 X X N X X X X X,, Y X X X X X N X X X X X X Y X
.30000500F 04 X XX Y XXX Y XX Y XY Y N XXX X X X X X Y X XX
.4no0U0O00ff P. X X X X Y X X X X X Y X X X X Y X Y X X X Y X
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COMPUTERIZED ADAPTIVE TESTING: FROM PSYCHOMETRICS TO SYSTEMS

Paul R. Croll
.. -Director, CAT System Development Project

U.S. Office of Personnel Management

The design of a Computerized Adaptive Testing (CAT) system
requires the careful integration of psychometric and engi-
neering developments. System designers must be cognizant
of the relationships among the psychometric components of

0• the system, among the physical components of the system,

CIZ and between its psychometric and physical components. A
hierarchical functional design model has been developed to
facilitate the design of a prototype CAT system for DoD en-
listed personnel accessions testing. The model addresses

0 both the psychometric and administrative/operational re-
quirements of the system and serves as the blueprint for
translating these functional requirements into a working
prototype. The focus an function in this design approach
insures that the description of CAT psychometric proce-

dures, in terms of system functions, precedes specifica-
A< tion of the physical elements of the system through which

these procedures are implemented. Such precedence is cri-
tical to the psychometric integrity of the system develop-
ment effort. _

Computerized adaptive testing (CAT) is a remarkably effective combination
of recent developments in latent trait theory and continuing advances in com-
puter technology (Urry, 1977a). Unlike conventional paper-and-pencil group
testing, in which identical test forms are administered simultaneously to
large groups of examinees, computerized adaptive testing is an individualized
testing procedure that constructs, administers, and scores tests interactively
during the actual testing session. Each examinee receives only those questions
appropriate to his or her own level of ability, resulting in an individualized
test "adapted" or "tailored" to the specific examinee's level. The number of
questions required to produce an estimate of ability at the same level of re-
liability as the longer group test is considerably less. In 1979, the Depart-
ment of Defense ejtablished a joint-service project, led by the Navy Personnel
Research and Development Center, to evaluate the feasibility of CAT for en-
listed personnel accession testing. The project has been conceived as a large-
scale system development effort, integrating psychometric and engineering de-
velopments to meet system goals.

CAT System Design Principles

The primary objectives of the CAT system development effort are the de-
sign, development, test and evaluation of a system for autouated adaptive ad-
ministration of the Department of Defense's enlisted personnel selection and
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classification tests. The desired r,:to,::, K cPA ... " - ;¼, L IS

integrated set of well-defined inl.;Lo, pt•. .. , . .. to t. l•id

following criteria: (1) user (i.*. * eri( . ,v . Hd
into spe,-ifiertions that both defi;t " i de. F ,.,rol
of system processec; (2) system pr,,ot C. , .p-t...' .... ....:. " cCLlftOrf

to user sneciti cations; and (3) .a:i Ads itct r-,• rinuaul.
monitored to insure ruch conformance. Tt, .,Iapadbilit. t -, de!i':crv. oi well-
defined products, meeting 'ser needs and 1A..-it . ,ec 'r.a~io'- with user

specifications, is the essence of a C i':

The system development problem is appruached t1-inu. ti, - tisti;ct, lines
of development: psychometric development af the procedures for adaptive
testing and engineering development of the physical system through which
these procedures will be implemented. The application of system design prin-
ciples to the development of the computer-based physical system is straight-
forward and well supported by present practice. The application of such
principles to the development of psychometric procedures, however, is unique
and can present a subtle danger to the integrity of the system as a whole.
The danger lies in the possible failure to recognize that the CAT system
must be designed to meet psychometric objectives first. Engineering object-
ives oust not be permitted to drive the system development effort. tcr ex-

ample, modification of well-proven CAT algorithms, to fit an initial concep-
tion of hardware performance characteristics, is inappropriate. Rather, the
algorithms chosen should dictate hardware specifications. Viewing CAT sys-
tem development as simply another data processing system development exercise
is likely to compromise the system's psychometric integrity. Recognition of
the tremendously complex network of interactions underlying systems design
is especially necessary in CAT system development. System designers must be
cognizant of the relationships among the psychometric components of the sys-
tem, among the physical coponents of the system, and between its psochome-
tric and physical components. Appreciation of these relationships is criti-
cal in integrating these components into a well-functioning system.

In order to facilitate such integration, the design strategy chosen for
the CAT system has focused on function rather than structure. A hierarchical
functional design model has been developed addressing both the psychometric
and administrative/operational requirements of the system. 'his model con-
sists of a set of hierarchical functional descriptions of system components
and their interrelationships. These detailed descriptions serve as the basis
for design of the system structure, system prototyping, and final system de-
velopment. A useful technique for developing such functional descriptions
is known as HIO (Hierarchy plus Input-Process-Output) (IBM, 1975; Katzan,
1976). HIPO is a technique that describes system functions in terms of in-
puts, processes, and outputs. these functional descriptions are presented
hierarchically, showing in greater and greater level of detail the function-
al r2lationships within and between system components. Use of the HIPO tech-
nique aids system development, in that all required inputs, processes, and
outputs at each level of functional detail anr specified.

Katzau (1976) describes a systemn I oiiction as a pr cuss tnat accepts one
or more inputs and produces one or .m.ore outputs. The application of this
.Uefirnit ion in computer hardware or sot tw.aie design: is straightiorward.

.t''. h, MU- tp.,Y u vii of a C' C. chl ip acetnp't a mLiii t iplier and
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multiplicand, each of fixed length, and returns a product. Valid input
sources and output destinations are inherent in the chip design. The appli-
cation to software deign is analogous, with the program code determining
input sources and characteristics, output destinations and characteristics,
atid the intervening processing steps necessary to produce output from input.
The application of this definition to the design of a psychometric system
is less obvious. Even Chapanis, writing on both human factors in systems

engineering and on systems staffing, in de Greene's text on systems psychol-
ogy (i97Oa. 1970b), neglects the application of system design principles to
the development of psychometric procedures. Systems thinking is only applied
to the problem of personnel selection and classification, and then only in
the sense that a systematic approach to selecting, evaluating, and training
personnel is seen as a component of a larger system design. Systems thinking
need not stop short with the human factors or engineering psychology approach,
however. It is readily applicable to basic psychometric developments as well.

If one defines a personnel measurement procedure as the administration,
scoring and evaluation of the results of a test of some ability, questions
couched in system design terms can easily be raised. What are the desired
outputs: test records, scores, selection decisions? What are the processes
required to obtain those outputs: administration of test questions recording
of examinee responses, scoring, application of selection rules? What are the
inputs required by the specified processes to produce the desired outputs:

instruction sets, test questions, examinee responses, scoring keys? To be
sure, this is a simplistic example. However, it does illustrate that psycho-

metric issues such as personnel measurement may be addressed from a system
design perspective, bringing &.c bear all the tools and techniques of that
discipline. The design of a CAT system is a far more complex undertaking,
yet the development of a functional design model for the system greatly stir-

plifies the dual tasks of psychometric and engineering development and facil-
itates their eventual integration.

1

Functional Overview of a Computerized Adaptive Testing System

In computerized adaptive testing, tests are constructed, administered,
and scored interactively during the actual testing session. What functions
are necessary to this process? First, it is obvious that a function encom-
passing test construction, administration and scoring can be defined. Is
this sufficient? Where do the test questions to be administered come from?
In CAT, test questions for each ability to be tested are selected for admin-
istration from a set of questions called an item bank. Item banks are care-
fully constructed sets of test questions having well-specified psychometric
properties, with each item bank designed to measure a single ability. It

then becomes obvious that a function providing for item banking must also
be defined. Are these functions now sufficient? Remember that in CAT, a

The development of a functional design model for a CAT system has been based
on both the analysis of NPRDC-specified requirements and objectives and the
author's experience with the design of a similar system at the U.S. Office
of ?ers.nnel Management (see ..... & Utry, Note i).
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test is termidated when a pre-specified level of reliability is reached. Al-
so, in multiple ability testing, a weighted composite score may be required.
Where do the termination rules and score weights come from? It seems, then,
that a function providing such measurement control parameters is also re-
quired. Have all the tunctio.s necessary for CAT now been defined? In a
perfect world perhaps, but in the real world things go wrong. How wili we
know if things -o wrong in CAT? A function providing for monitoring of CAT
functioning and for quality control reporting would do nicely.

Through the application of such a simple functional analysis to the CAT
process, the four major functions of a computerized adaptive testing system
have been identified.

A HIPO package for the initial design of a CAT system has been developed.
From the visual table of contents (Figure 1) and the CAT system overview dia-
gram (Figure 2), it can be seen that the four major system functions have been
identified; item banking, measurement control, test administration and scor-
ing, and monitoring and quality control. Outputs of the item banking and meas-
urement control components are required as inputs to the test administration
and scoring component, and outputs from the test administration and scoring
component are required as inputs for monitoring and quality control.

The Item Banking Function

This component of the CAT system provides the sets of test questions, or
item banks, necessary for adaptive test administration. It is composed of
three subfunctions: test item calibration, item bank construction, and item
bank evaluation.

Test item calibration refers to the estimation of the latent trait para-
meters a b, i and c. of candidate test questions for item banking (Urry, Note
2). Input for this subfunction consists of results from either conventional
or adaptive administration of the potential test questions. If parameters
are to be estimated from conventional test results, examinee resoonse data
and scoring keys for the questions must be supplied. If parameters are to
be estimated from adaptive test results, ability scores must be sipplied as
well.

An algorithm for the estimation of parameters from conventional test re-
sults has been described by Urry (Note 3). Schmidt and Urry (1976) have also
described the results of an algorithm for the estimation of parameters from
adaptive test results. This algorithm is also described in Urry (Note 3).
These algorithms are suggested as a guide for the design of the system's
parameter estimation subfunctions. Parameter estimation from adaptive test
results is especially important in CAT in that it permits on-line calibration
of potential test questions in the normal operational context of the CAT sys-
tem. It provides a means to eventually end dependence or conventional test
results for item parameter estimation.

The test item calibration subtunction outputs parameter estimates and
calibration statistics for the potential test questions. The parameter es-
timates are then treated as input to the item bank construction subfunction.
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The item bank construction subfunctioo takes the parameter estimates for
candidate questions and compares them against target values for :he :.- and
paranet - . The prescription for acceptable values of these parameters has
beer 'tailed by Urry (1470, 1977b; Note 2). Questions failing to ret this
p.- .."riptica are rejected. The remaining item parameter sets are then sort-
ed to ease later processing and a rectangular distribution of the items, by
the parameter, is built. Urry's prescriptions for the size and distribu-
tional shape of an item bank nay then be followed in selecting questioný for
inclusion. The tentative item bank produced by this subfunction is then

evaluated in the item hank evaluation subfunction.

The item bank evaluation subfunction is designed to assess the perform-

ance characteristics of an item bank before it is placed into operational
use. It is a critical component of the CAT system design, in that item bank
performance characteristics are a major determinant of CAT system perform-
ance. A procedure for the evaluation of an item bank has been described by
Urry (1974). From the functional perspective, the item uarameter sets for
the tentative item bank are used to generate response vectors (l's and O's,
or rights and wrongs) for simulated examinees. Termination rules are se-
lected for item bank evaluation, based on the desired reliability of meas-
ures to be constructed from the bank (Urry 1977b, Note 2). These rules are
provided by setting a prespecified value of the error of the ability esti-
mate, at which the test sequence will be terminated. Adaptive testing is
then simulated using the item parameter sets, response vectors, and termi-
nation rules, and the results are reported. Only if the item bank is judged
acceptable is it made available, with associated question text, for opera-
tional use. The procedural steps in the item, banking function are repeated
for each ability for which an item bank is to be constructed.

Additionally, when several item banks are to be admir.istered as a multi-
ple-ability battery, simulation of adaptive testing with the complete set of
banks is conducted.

The Measurement Control Function

This function is tne most critical component of the CAT system. It pro-
vides the means through which user (i.e. service) answers to the three basic
questions underlying CAT system operation are translated into system control
parameters. These three questions are (1) "What is to be measured?"; (2) "What
degree of accuracy is to be employed?"; and (3) -How are subtest scores to be
combined into composite scores?". Without such a functioa, users have no way
of communicating their requirements to the system. User requirements are cotr-
municated to system personnel who, in turn, specify the measurement protocols
required to meet the user's needs. These protocols embody the measurement re-
quirements of each system user and determine both the way in which the adaptive
testing process proceeds and the nature of outputs of that process. They spe-
cify the combination of subtests required to meet specific measurement object-
ives (e.g. full-ASVAB vs. AFQT, or service-specific composites), the outputs
desired (e.g. subtest scores vs. weighted composite scores), the scale of mea-
surement desired, and the accuracy of measurement desired. They take the form
of the input stream required by the system to generate control parameters.
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at is throughi softwware generation of control paraneters that user meas-
urement protocols are lplemented in the CAT system. These parameters are of
three types: (1) termination rules, or terminal error values (values for the
error of the estimate of ability), that determine the point in the adaptive
testing sequence at which testing for a particular ability is terminated; (2)
subtest weights, that determine the relative contribution of a subtest score
to a composite score (and which may be zero, if a subtest score is not to be
included in a particular composite score); and (3) rescaling factors, which
provide for the conversion of scores based in the system's standard scale of
measurement to an alternate scale of measurement.

The Measurement Control function must provide the capability for trans-
lation of a wide range of user measurement protocols into appropriate control
parameters. It can become quite complex as the number and complexity of dis-
tinct user protocols increases. The psychometric bases for this function have
been discussed by Urry (:'ote 2, Naoe 3). Its implementation is dependent upon
several necessary conditions of the total system design: (1) a Bayesian modal
solution for item parameter estimates must be used; (2) the Owen Bayesian al-
gorithm must serve as the basis for item selection and ability estimation; and
(3) a variable test length termination strategy, based on target values of the
standard error of the estimate of ability (for each subtest), must be employed.

The Test Administration and Scoring Function

This component of the CAT system provides for the administration and scor-
ing of adaptive tests in the live testing environment. It is what is often
thought of as the sole function of a CAT system, since it is the primary sys-
tem function that is implemented in the field-resident physical system. It
is composed of six subfunctions.

The ~stem start-pu subfunction is composed of those steps necessary to
prepar'i tile physical system (i.e., the hardware and software) for a testing
session. It includes power-up, self-test, sign-on, and system status verifi-
cation activities.

The examinee log-in subfunction performs the administrative tasks required
to identify the examinee to the system and to link the examinee's test record
with the other steps in the applicant processing sequence. Inputs indlude
data from administrative forms and examinee supplied data. Outputs include
.idministrative forms and the examinee record into which the test resuits will
later be written. Additionally, a lower-level subfunction has been specified
that insures that examinees are correctly seated at the testing stations to
which they have been assigned.

The familiarization subfuncrion is designed to familiarize the examinee
with both the hardware to be used in taking an adaptive test and the adaptive
testing process itself. Introductory, instructional, and practice material
is displayed for the examinee on the testing station display, and the examinee
enters the reouir,'d responses on the test ing. station keyboard. Checks are in-
cluded to insure that the examinee is proceeding through the familiarization
se-quence successtully. An option has also been designed for the examinee to
request u repeat of the tantiliariz-tiL ion si'jnenc lnp.,c inrlude introd1.- Ctory,
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instructional, and practice text and examinee responses. Outputs consist of
displays of the input text and error messages.

The primary test subfunction is the heart of the test administration and
scoring function. It is designed to select and display test questions, read
and score examinee responses, and update the examinee test record. Addition-
ally, it provides for the administration of experimental items (through branch-
ing to another subfunction), selective retests, and test result recording on
the testing site's master file. Inputs include control parameters, item pa-
rameters, item text, and examinee responses. Outputs include test item dis-
plays, error message displays, and the examinee test record.

Several lower-level subfuncticns have been specified. The item adminis-
tration subfunction selects and displays test questions, reads examinee re-
sponses, and displays an error message when appropriate. It also scores ex-
aminee responses and updates the estimate of ability and its associated error
value. Additionally, it provides for termination of the testing sequence in
a particular ability by checking the current error value of the ability esti-
mate against the pre-specified terminal error value. Since the item selec-
tion and ability and error updating procedures are psychometrically complex,
lower level subfunctions have been identified for these procedures, but not
specified in separate HIPO diagrams. Decisions ro:garding the nature of these
subfunctions will have to be made within the context of the system's psycho-
metric development activities. The reader is referred to Urry (1977b; Note
2, Note 3) for guidance in developing these procedures.

The experimental item subfunction provides for the administration of ex-
perimental, or potential, test questions within the context of an adaptive
test. It selects and displays experimental items and reads and records exami-
nee responses. Inputs include item bank codes, item text and examinee respons-
es. Outputs include item text displays and examinee reponses to the items.
This subfunction is called by the primary test subfunction, when control codes
indicate that experimental items are to be administered.

The test result retorting subfunction is designed to provide printed re-
ports of test results, including any required administrative forms. It In-
puts data from the testing site's configuration master file and prints reports
as required. It is also designed to feed testing results into the AFEES Re-
porting System.

The Monitoring and Quality Control Function

This component of the CAT system provides for system-wide quality control
of all CAT system functions, as well as for monitoring of the actual testing
process at the testing site. It is composed of three subfunctions: testihng
station monitoring, quality c)ntrol report generation, and special report gen-
eration. The term "quality control", as used in this function, does not simply
imply physical system diagnostics and maintenance, but also implies monitoring
and control of the psychometric integrity of the CAT system. Since the system
will stand or fall on the quality of its personnel measurement, its psychome-
tric integrity requires constant scrutiny.
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Some suggestions for the testing station monitori.-'. Sk;IALifIt 101 are of-
ferred. Three conditions might occur during a test in ,vs.sion :ch onid
require toe attention of the test monitor: the cx, ninte nay fail to progress
normally through tile testing sequence, and also tail to reqte.st assistance;
the examinee may, for any reason, request test monitor assistance; and a fail-
ure might occur in a testing station. Also, psychometric anoun-alies way occur,
such as the presentation of a sequence of items that is excessivcly lorng given

the characteristics of the item bank. The testing station monitoring subfunc-
tion should provide a constant display of testing station status, so that suce
conditions might be identified. Additionally, if a testing station fails, a
lower level subfunction should be initiated to perform a recovery/restart so-

queace.

"The four major functions identified in the CAT functional design model
suggest a system structure which implements each of these functions in a sepa-
rate subsystem, each with its own data, logic, hardware, and software charact-
eristics. It is through their accurate translation into components of system
structure and the implementation of system structure in the physical system,
that CAT will finally have made the transition from psychometrics to systems.

References

Birnbaum, A. Part 5. Some latent trait models and their use inferring an
an examinee's ability. In F. M. Lord & M. R. Novick, Statistical theories
of mental test scores. Reading, Massachusetts: Addison & Wesley, 1968.

Chapanis, A. Chapter 2. Human factors in system engineering. In K. B.
de Greene (Ed.), Systems psychology. New York: McGraw-Hill Book

Company, 1970(b).

Chapanis, A. Chapter 12, System Staffing. In K. B. de Greene (Ed.), Systems
psychology. New York: McGraw-Hill book Company, 1970(b).

IBM Corporation. HIPO - A design aid and documentati,: technique, Second
edition. White Plains, New York, 1975. (IBM order number GC20-1851-1,

Katzan, H. Systems design and documentation. An introduction to the HIPO
nethod. New York: Van Nostrand Reinhold Company, 1976.

Schmidt, F. L. & Urry, V. W. Item parameterization procedures for the future.
Proceedings of the First Conference on Computerized Adaptive Testing
(PS-75-6, Personnel Research and Development Center, U.S. Civil Service

Commission). Washington, D.C.: U.S. Government Printing Office, 1976.
(.±userintendent of Documents Stock No. O06-oU-0U94u--9).

Urry, V. t. A Monte Carlo investigation oi logistic metal test models.
test models. (Doctoral dissertation, Purdue University, 197U).
Dissertation Abstracts Intenational, 1971, 31; 6319%. (University
7iicrot ilms No. 71-9475).

t rv , V. 14. Computer-assisted testin2g: calibration and evaluation of the

v:irl,,i abiliLy bank W'rS-/4-J). Washington, 1) C, Personn,-el R:carch and,

3] V-



Developement Center, U.S. Civil Service Commission, December, 1974.
(NTIS No. PB 261 694/AS).

Urry, V. W. Ancillary estimators for the item parameters of mental test
models, in W. A. Gorham (Chair), Computers and testing: steps toward the
inevitable conquest. Symposium presented at the 83rd Annual Convention of
the American Psychological Association, Chicago, 1975. (NTIS No. PB 261
694/AS).

Urry, V. W. A five-year quest: Is computerized adaptive testing feasible?
Proceedings of the First Conference on Computerized Adaptive Testing
(PS-75-6, Personnel Research and Development Center, U.S. Civil Service
Commision). Washington, D. C.: U.S. Government Printing Office, 1976.
(Superintendent of Documents Stock No. 006-UO-00940-9).

Urry, V. W. Tailored testing: a successful application of latent trait
theory. Journal of Education Measurement, 1977(a) 14, 181-196.

Urry, V. W. Tailored testing: a spectacular success for latent trait theory.
(TS-77-2). Washington, D. C.: Personnel Developement Center, U.S. Civil
Service Commission, August, 1977(b) (NTIS No. PB 274 576).

Reference Notes

1. Croll, P. R., & Urry, V. W. Tailored testing: Maximizing valdity and
utility for job selection. Paper presented as part of a symposium on
Innovations in Personnel Testing, 86th Annual Convention of the Ameri-
can Psychological Association, Toronto Canada, 1975.

2. Urry, V. W. Tailored testing: Its theory and practice. Part 1. The
basic model, the normal ogive submodels, and the tailored testing al-
gorithms. San Diego, California, Navy Personnel Research and develop-
ment Center. In press.

3. Urry, V. W. Tailored testing: Its theory and practice. Part 2. Ability
and it9m parameter estimation, multiple ability applications, and al-
lied procedures. San Diego, California, Navy Personnel Research and
Development Center. In preparation.

Acknowledgments

The work reported in this paper was performed under a reimbursable services
agreement, for the Navy Personnel Research and Development Center, San Diego,
California. The views expressed in this paper, however, are those of the
author and do not necessarily reflect those of the Navy or the Department of
Defense. The author wishes to thank Dr. Vern W. Urry for the knowledge,
training, and experience he has provided over the last several years; and Dr.
James McBride, for his support in pursuing this area of investigation.

319



VEVELOFIENIT CF A WORKC BEHAVIOR~ SURVEY FCE
THIR•Y-FIVE FEDERAL CLERICAL OCXWPAICNS

Cynthia C. Diane
Personnel Research Psydiologist

United States Office of Personnel Management

-" A comprehensive work survey form was developed to study thirty-five
clerical occupations in the Federal sector. The purpose of the survey
was to develop new selection procedures which are not only job related,
but which also meet the requirements of the Uniform Guidelines on Th-
ployee Selection Procedures.

Work behavior statements were obtained from previous job analysis studies,
£• existing inventories and the Dictionary of Occupational Titles. The

statements were then reviewed by three experienced incumbents in each
of the thirty-five occupations. The final survey form incorpcrated the
comments of these subject matter experts, and contained a listing of
174 work behaviors which crossed over the thirty-five occupations being

C) studied. The survey form has been completed by approximately 3000 in-
cumbents, nationwide. Data analysis will show the degree of overlap

C between these occupations and aid in the development of new selection
procedures.
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The decision by the Office of Personnel Management (OPM) to under-
take a job analysis of clerical occupations was influenced by two things.
First, the clerical occupational group is the most populous iriv'ie
Federal sector. At present over twenty tests are used to select..-incum-
bents in the different clerical occupations. The form of some 6 these
tests have remained unchanged for many years, while the jobs havbeen
remolded in response to the many tedcnological advancements (word pNocess-
ing, automatic data processing, etc.). Secondly, with the signing of the
uniform Guidelines on Elnployee Selection Procedures (1978) came the
necessity to either verify the adequacy of our current examination program
by showing that the knowledges, skills and abilities needed for success-
ful job performance were actually those being tested for at the-tntry
level or to develop new selection procedures which met the critrtia of
the Guidelines.

/

our first task was to define clerical occupations and to determine
which occupations in the Federal sector met this definition. For the
purpose of this study clerical occupations were defined as "those that
involve structured work in support of office, business or fiscal opera-
tions; performed in accordance with established policies, procedures or
techniques; and requiring training, experience, or working knowledges
related to the tasks to be performed (U. S. Civil Service Cfmnission,
1976, p. XJX)." With the aid of Standards we were able to cure up with
thirty-five occupations which met this criteria. The final list of
these occupations appear in appendix A. Occupations requiring crypto-
graphic and/or financial skills were not included in this set 9f occupa-
tions for study.

Our next step was to develop a work survey instrument which could be
used to gather job information across occupations. We needed a single
instrunent which incorporated the work behaviors of all thirty-five
occupations. Luckily it was not necessary to start from scratch, for
there already existed several clerical inventories (Gandy and Maier (1979),
state of Minnesota, state of Connecticut, and the Psychological Cor-
poration). These existing inventories, along with Classification
Standards for the occupations, previous job analysis studies and the
Dictionary of occupational Titles were consulted in the development
of the survey. Fran these sources we were able to gather a listing
of work behaviors or tasks which seemed complete. This list of tasks
was reviewed by psychologists at OEM and edited to eliminate duplica-
tions. A draft listing of work behaviors by occupation was then given
to between three and five job incumbents and/or supervisors in each of the
thirty-five occupations for review. They examined the list for complete-
ness, clarity and organization. The suggestions of these reviewers
were then incorporated into the final form of the Work Survey for Cleri-
cal Occupations.

The final inventory is divided into five parts and contains a
listing of 174 task statements or work behaviors, divided among 14
duties. The first section contains questions concerning the incumbents'
background. It includes questions on race, sex, ethnicity, education,
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geographic location and job series, etc. Information gathered here
will be used to describe our sample.

The next five sections are concerned with incumbent judgments
tbout their jobs. Here, employees are first asked to review all
the tasks and check those they perform on the job. Next, they must
rate the tasks they perform on a relative time spent scale - a rating
of the amount of tine they spent on each task they performed over
the past six months compared to all other tasks they perform. The
tasks must then be rated on a relative importance scale - the im-
portance of each task they performed in the last six months oao-
pared to all other tasks they performed in the same time period.
Each incumbent must then complete the above ratings at the duty level.

Tasks were rated on a seven pAnt scale ranging frau 1 - very
much below average, to 7 = very much above average, as recommended
by !Lrsh and Archer (1967), because of the greater reliability and
precision of a seven point scale. A list of equipment used in these
occupations was also included in the inventory. Here, incumbents were
asked to check off the equipment they use on the job. In this section,
as in the task listing, space was alloted for the incumbent to make
additions where necessary.

The final part of the inventory enlists the participants' im-
pression about the inventory's clarity, organization and coverage.

At this point the Clerical Work Behavior Inventory has been
administered to a sample of job incumbents in grades 2 through 5.
This grade span was chosen because entry into these series is usu-
ally at the 2 level with an average full performance level of 5.

Initially, it was planned to sample 200 incumbents fram each
of the thirty-five clerical occupations, but after determining the
total population for each occupation this was not considered feasible.
The sampling strategy decided upon took into consideration the pop-
ulation of each occupational series and in so doing attempted to
have fair representation of incumbents in each of the thirty-five
series.

Steps taken to derive the sample were as follows:
(1) The CPDF (Central Personnel Data File) was used to de-

termine the population size of each occupation.
(2) Samiple size by occupation was determined by the tbove

information. The most populous occupations were represented by
a larger sample size.

(3) Using CPDF data, the largest employing agencies for each
of the occupations was determined.

(4) Knowing the size of the sample needed for each occupation,
w took the five agencies employing the largest number of incumbents
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for each series and weighted the number of incumbents fran these
aencies to the total size of the sample needed for each occupa-
tion.

(5) Number of people was chosen in order to obtain the larg-
est grade range and geographical spread for each occupation and each
agency within each occup•tion.
In occupations with less than 200 incumbents a sample as close to
100 percent as possible was dram.

It is hoped that the data analysis will show the degree of
overlap betwen these occupations and aid in the development of new
selection procedures or supprt our current examination procedures.
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APPENDIX A

CLERICAL OCCUPATIONS IN THE FEDERAL WQEfl*T

GS Series Title

134 Intelligence Clerk

203 Personnel Clerk

204 Military Personnel Clerk

301 General Clerk

302 Messenger

304 Information Receptionist

305 Mail and File Clerk

309 Correspondence Clerk

312 Clerk-Steno Reporter

316 Clerk-Dictating Machine Transcriber

318 Secretary

319 Closed Microcphne Reporter

322 Clerk-Typist

324 Cold lype Ccnogsing Machine Operator

350 Cffice Machine Operator

351 Printing Clerk

354 Bookkeeping Machine Operator

355 Calculating Machine Operator

356 Data Transcriber

357 Coding Clerk

359 Electric Accounting Machine Operator

382 Telephone Operator
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GS Series 
Title

'85 
Thletypist

394 
OMMLmication Clerk

998 
Claim Clerk

1021 
COfice Drafter

1046 
Clerk-Translator

1087 -itorial 
Assistant

1531 
Statistical Clerk

2091 
Sales Store Clerk

2131 
Freight Rate Clerk

2132 
Travel Clerk

2133 Passenger Rate Clerk
2134 Shipmnt Clerk
2151 Dispatcher
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Dickinson, Richard W., Texas A6M University, College Station, Texas.

(Wed. A.%.)

CODAP 80: The New Occupational Analysis Computer System

For the past 2 1/2 years, a new version of the job analysis com-
puter software system, the Comprehensive Occupational Data Analysis
Programs (CODAP), has been under development at the Occupational
Research Division, Industrial Engineering Department, Texas A&M Uni-
versity. The time for the sys:em's initial release is almost at hand.
The new system represents a radical departure from existing job analy-
sis computer software in that particular attention has bees. given to
making communication between the user and the system as -friendly" ac
possible, while at the same time maintainitg tht system's viability
through its flexibility in processing an occupational database. The
new system's present capabilities will be discussed, with particularemphasis being given to the future potential the system represents in

: • the analysis of occupational information.
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uýDu63rO'Y uE XE. -OCCUL.P Ai ONiAtL
ANALYSIS COM'PUTER SvCTE!

Ricnard I.. Dickinson
Occupational Research Division

Industrial Engineering Department
Texas A&M¶ University

INTRODUCTION

For the past 2 1/2 years, CODAPSO, a new job analysis computer software
system, has been under development at the Occupational Research Division of
the Industrial Engineering Department at Texas A&Mi University. lhe new syster
represents a radical departure from existing job analysis computer software
in that particular attention has been given to making communication between
the user and the system as convenient and "friendly" as possible, while at
the same time providing the job analyst with a database processing tool
flexible enough to meet both present and future applications in the analysis
of occupational information.

CODAP80

CODAPSO is a sophisticated software system for processing occupational
data collected with job inventories. It was designed with the particular
needs of the job analyst in mind. Many aspects of the systen will satisfy
demands unique to their werk, and much of the system's terminology is orientec
toward them. in addition to its specialized job analysis chara:teristics, thE
data handling and analysis features of the system provide gener-•l database
management capabilities.

The CODAP8O computer system provides the job analyst with the tools
necessary to flexibly investigate occupational information pertaining to
classification of employees, training emphasis, work-load distribution,
promotion standards, profile analysis, item analysis and personnel assiqn-
ment. For those questions routinely asked of occupational data users will
find that CODAP8G represents a very convenient and powerful mechanism for
providing answers.

Information collected with job inventoreis can usualiy be conceptualized
in the form of a 2-Dimensional matrix (see Figure 1), with the columns of the
matrix reiuresenting incu,.ibents (or '.,orkers) and the rows ot the ratrix repre-
sentino the individual data items collected from each incurbmt. These data
"items ('or variables) may consist c D_-tkJround info-natiur (su••h as incu.mbent
age, race, sex, `ob title, etc.) or rmay consist of incurtnt responses to
t'-e spent en wo ork tasks, t>4uipment usc(.e or knc•.ledge, skill ýnd ability

flndicies. Since COS•AO makes very few.' assumnrtiu,-s about the data that has
been coi'ected on incumrents, few, if any, rostrict~ons an.: imp;osed as to
Sthe t;.,e -,f ;ob related i nforr.atio, viat ray be su7veyed.
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Processing of the occuopational da-abase is peoed t:,roh the us,
CODAP8O's easy to learn, English-l.ke language. r-!-tic C:'c4cdur-4s it

language a!low tne user to conveniently surm-arize both rowis and colurns
of a 2-.Dire-sional nccupational database, as well a.; rovide re,-or' dispic
particularly suited to occupational cnalysis and intŽe,-retation.

COP.0P8O and Hierarchical ClusterinI_

When investigating occupational informa•tion collected with job inventortes,
job analsts frequently find it useful to have the incumbent workers surveyec
grouped as a function of their siilarity on some job related dimension (oft.
this dimension is work time across tasks, but coul!ý just as well be any othe:-
Job related index, such as equipment usage). In this regard, CODAP80 is of
particular utility owing to its caF3bility to produce statistical summaries
and report displays based on criteria established th,-coh the use of tne systein's
powerful hierarchical clustering procedure.

Classification of incumbent workers can proceed in a quantitative and
systematic fashion when grouping or clustering techniiques are applied to an
occupational database. Interpretation of the resu-.ts of a cluster operation,
though, is often difficult. CODAP80 eases the job analysts' interpretive
burden in two ways:

1) As part of the output qenerated through execution of CODAP80's hier-
archical clustering procedure, a pictoral dendogram (or tree-diagram)
is printed that visually illustrates the grouping process (see Figure
2). In effect, the job analyst is provided with a "picture" of how
the incumbent workers were combined as a function of criterion hono-
"gCneity.

2) CODAP80 "remenbers" the collapsing sequence as incumbent workers are
combined during the clustering process. This "memory" of the group-
ing process allows very convenient reference of incumbent data. The
user need only specify to CODAP80 (through the use of the system's
EnglisI-like lannuage) the cluster groupinns of interest, and tne
system automatically directs access and sumrarization of the data-
baýse as a functior of this.

The capability to automatically direct database processing based on results
supplied from a cluster operation provides CODAP80 wiith a distinct advantage
over other software packages when analyzing occupational infor-atior (partic-
ularly when investigating information pertaining to classification).

CODAP80 and Report Generation

CODAPSO Provides the job analyst with the ability te easil., process an
occupational database and then display the processed irfurrration in a manner
most amenable to interpretation. The vehicle of communication between the
job analyst and CODAPSO is an En,'lish-like language that conve, s to the systen
the ,rocessing and report displays desired.

Supoose, 'o,- example, the Job analyst, after study of the tree-diagram
displayed in Figure 2, desired to investigate the býack.rolund characteristics
of these inurmbents defined by clustering to be in a-cu1;s 73 and 67 'erclosed

_ 2 . SLttist-L , •ujq ied 6itI tre outPu: ot trie tree- ia-
gram indic.-te the t..o cluster groups to he sizable, ..,ith rot'i de,-onst..ting
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relativelj high between and witnin h-oone.. T.

would tilteve'-•etly di;;.ai the tackcr--:,-' ntr-, rati,. of he
incumbents in cluster croups 73 and 67? the a0 'nal s Pn>; v efi;y
the following CODAP80 lanquaqe stateets:

BEGI.'; DAATABASE -XE-LTE.
PRINT COL; _ NS (r73 G6? n&•PE!¶..S ' •,: ..' .... S.

ROWS (hl-u9)
HEADiNG:='L ISTING-OUT HiS g V 'ABIALES K1-,K.- FOR ThE ];CU;:bENTS'

I'N C USTER GROUP S 7 3 D', 'r''

OU TPUT IS " . EkRAP'C.-". SEQUENCE PER' .
END.

The output generated from, executieoT, c tne 8  p sNterts is display.ed
in Figures 3 and 4. Irmediately arra,-ent frh-e -lr 4 th. i

the disparity in job title (history variable 5R r,..±ttir,- bet,.cen grcups
73 and 67. Sterning fror. this point, r . .,t , '-, -n use. C-Dle. to
provide information such as those task s,erc ,t;, tne rincumrx8erts in t•e two
groups ana the distribution of their ..,ork t'te 2CrrSs Qh.... tasks.

Another topic of ;nterest to tne job an''s could be average ;per task
pay rate of the individuals Perforrin(, t .asKs For example, the job analyst

may want to in-vestinate the -azv rate c1aracte;is' cer task of the incunbents
performing supervisory functie",s as opposed to incumrerts perfo-ring lower-
level, delegated functions. To define the tasks of interest, rerform-, the de-
sired calculations and produce the repcrt, the -oc analyst would specifi zhe

following CODAP80 source language statments:

BEGIN DATABASE EXECUTE.
SELECT ROWS MODL EI (TiOS-T.23;

'TASKS INVOLVED IN PERr0O , C,. UPERVIS.R Fu?;CTo',S'

ROWS MýODULE2 "TI8"-T209)
'TA KS INVOLVED i ..... 1 .G 0 , 1- 1'%'-E

ROP. S MUlOD?2 ,T03-T123, X87- O9)
'COEI".:'ING MODULE! & MODtUL•2 FOP CONiENIE!LCE'

AVALUE ROWS MODlUONI C oR D2 . .. P* " OR .
V GPA'r RA P. Ep ,''"-cA

A.PAY.ATE E .R E R - "

PRINT ROWS t •MC'.. Elnrro \ ,' ,,.--.,CO i.....PVRE RtAY ,r-'. •-'r ,,.

,• , 

k, I -0

"freo output generated tr- e'c . 4, ? . ..... ½

displayed in Ficures B and 6. In -r 0.,- -ý . -.e ' N, .

for those ;rcu -:tents 'erfor, . "' -'x a, , t. c .• 'n.,.Leo -
ot CoD~ersati7W -,.r2s .: _-, ]:', ... ,- - . - ..•;-.W.e. ,> nw idl :e e.K•' '.

the o tS 'l-."-" ;'7 - 7";
ge..eral lv- thr __ --: - " ..... - .'pr ' ,- .



CODAP8G's English-like language is easy to learn and use. The language
statements described in this paper represent only a small fraction of the
leverage CODAP80 can supply to occupational analysis. Provided with CODAP8O,
the job analyst can actively investigate an occupational database in both
a subtle and powerful manner.
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Fiqure 1. Conceptual representation of hypothetical occupational
database.

11 12 T13 14 15 16 17

11~I1 1 2 ___ 'V V ~

H2 23 __41 27 19-1 53

H3 2 11 16 19 3 1 30
H4 5 7 3 2 4 1 6

- STUDY ID

T1. 11 0 0 11 24 64 36

T2 11 0 43 44 24 9 64 DATABASE

T3 22 20 57 0 18 9 0

T4 56 50 0 22 0 18 10
S0 30 0 22 35 01 0

S2.2 2 13 1

S3 __ 2 3__ r

S4 1 _._2 _ 2 * 2I5 * ___ "* . . 1 1

REMARKS

Hi SEX
H2 AGE
H3 YEARS ON JOB
H4 INCUMBENT ID
TI SUBDUE VIOLENT INMATES
T2 SHAKE DOWN INMATES
T3 SHAKE DOWuN VISITORS
T4 ESCORT INMATES
T5 TESTIFY 1N COURT
Si SECONDARY - SUBDUE VIOLENT INMATES
S3 SECONDARY - SHAKE DOWN INMATES
S4 SECONDARY - SHAKE DOWN VISITORS
S4 SECONDARY - ESCORT INMATES
S5 SECONDARY - TESTIFY IN COURT
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Figure 2. First page of output displaying a pictoral dendoqram (or trec-
diagram) illustrating the grouping process during hierarchiec'
clustering.
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Figure 3. Output generated by CODAP8O displaying the background (history)
infornation of the incumbents in cluster group G73.
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el Figure 4. Output generated by CODAP8O displaying the background (history)i information of the incumbents in cluster group G67.
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Fiquret 5. Outpuiot (Jenerated by C'DJAPPO displaying supervisory tasks as
,.rlJ as pay, rate statistics of the incumiberts perfori.linl
S th, , tasks.

w 0

P. r v I a 0r r

I0 10, wooe c ~ a a a r 0 ILc

4L 4

11 z Z -g

Z',

* -+. N.. 0Qa 0 1 . a C .

1. ... .. ........ I....

Q- I ,C Z

p C

C "I ? i a
WII

C €oa 60 available to DTIC does not

permit fully legil~e zeproduction

338

4I I I I II I I jI I I I I4 P P N 4 IAN



Fioure 6. Output generated by CODAP80 displayinq norsupervisory tasks
as w,.ell as pay rate statistic's of the incumbents performing
these tasks.
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Dodd, B. T., Royal Navy School of Educational and Training Technology,
HM1S Nelson, Portsmouth, England. (Fri. A.M.)

Current Directions in Selection Research for the Royal Navy

The computer assisted personnel selection system reported at
MTA 1980 is moving into the procurement stage although the first
implementation will not include most of the self-correcting mechanisms
built into the prototype. Doubts concerning the volume of recruiting
business required in the future have curtailed the money available.

Counselling, the representation of military technical life, and
aides to self selection have been of major concern in view of the small
intakes required and the consequent disturbances when selectees decline

S.to join or leave prematurely.

Microprocessor-based tests are being considered in some areas but

it is not expected that paper testing will be supplanted.

C Short courses of a few days' length at the Royal Marine Commands
Training Center are being evaluated as a selection device in an
attempt to reduce the leaving rate due to unexpected physical demands

and life styles.
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AN EVALUATION OF THE FAIRNESS OF THE FLIGHT APTITUDE SELECTION TEST (FAST)

John A. Dohme, Ph.D.
Research Psychologist
US Army Research Institute
Fort Rucker Field Unit

The concept "test 6ainesa6" has developed only recentty. A ,ajok impetus in
the development and apptication o6 the concent has come furo the pabtication
oJ the Uniform Guidetines on Employee Setection ProceduAes (UGES) in 1978.
The UGES aue inte'utpeted a mandating the wse oJ a reg'tasLon model in

00 evabiating teat faianes. A technique tas developed wtitZzing a teg'ae ion
modeZl to avaCuawte the fairmnc o6 the FCight Aptitude Selection Test (FAST)

dor the gtoups identified by the UGES: BSacks, Ame&Lcan Indiana, Asians,
Hispanics, Caucasians and emaf•es. The tegreaaion of FAST 6cor.e on oveitt

Qt1 gtades in the Inittia Entry Rotary Wing (IEW) cow'e uns petfor'med 6o& each
of the above groups in compaxison uzt the majo.it• gkoup. Availablte popu'a-
tion sizes Wete contidexed too smatt to pvu-mLt a conclusive faibtnes evaLua-
tion at this time. The £a0'ne&6 evit' on will be- epeated emia•• nayo witt rinoiLty popctOtion size, pe'nit suficicnt powet to pe60o&,n a definitiveo aiatyaaz.

A4 AN EVALUATION OF THE FAIRNESS OF THE FLIGHT APTITUDE SELECTION TEST (FAST)

C "Fairness" as a criterion for the evaluation of a test or other selection
' procedure is a relatively new concept. The concept has evolved from the tech-

nology of test validation to answer the question, "Is this test/procedure valid
for the selection of minority as well as majority applicants?" Appropriate
methodology for the evaluation of fairness is currently a matter for debate in

the technical literature (Ledvinka, 1979). A major impetus for the development
of fairness methodologies was the publication of Guidelines on Employee Selec-
tion Procedures in 1970 by the Equal Employment Opportunity Commission. In

fact, the mcst current version, the Uniform Guidelines on Employee Selection
(UGES) (1978), noted that, "The concept of fairness cr unfairness of selec-
tion procedures is a developing concept, (14B(8))." Since this technology
is still developmental, this paper will reviw.: the rationale and precedence

for the FAST fairness evaluation in some detail.

Technical standards for performing a fairness evaluation are addressed by

both professional and government agencies. The American Psychological Associa-
tion (APA) publication, Principles for the Validation and Use of Personnel Se-
lection Procedures (1975), discusses both technical and ethical implications of
the choice of methodology in fairness research designs. The government publi-
cation referenced above, Uniform Guidelines on Emplovee Selection Procedures

(UGES) publisheo in 1978, which is a codified position agreed upon by the US
Civil Service Commission, the Department of Justice, the EEOC, and the Depart-
ment of Labor falls under the scope of Title VII of the 1964 Civil Rights Act

Y.



and, for that reason, carries the impact of law. Furthermore, the current
version of the UGES was reviewed by the APA prior to publication, thus, it is
a synthe-.is of professional and governmental guidance in the technical and
ethnical and legal aspects of fairness rtesearch designs. For these reasons,
this paper will make frequent reference to the UGES.

The UGES define fairness by stating its obverse: "When members of oce
race, sex, cr ethnic group characteristically obtain lower scores on a selec-
tion orocedure than members of another group, and the differences in scores
are not reflected in differences in a measure of job performance, use of the
selection procedure may unfairly deny opportunities to members of the group
that obtains the lower scores (Section 14B8a)." This definition has clear
implications in the design of a fairness research study in that it specifies
that fairness should be defined in terms of the bivariate distribation of
test (or other selection procedure) scores and job performance scores. Specif-
ically, fairness is demonstrated by coincident regression of job performance
scores on test scores for a minority group and the majority group. Fairness
does not require that minority performance on the test, or on the job be equal
to majority performarce but only that the test (or selection procedure) does
not over or under predict minority performance vis a vis majority performance.

The UGES do not require routine demonstration of the fairness of a selec-
tion procedure for every minority group identified in section 4B (Blacks,
American Indians, Asians, Hispanic and Caucasians). Section 14B(8)(b) states:
"Where a selection procedure results in an adverse impact on a race, sex, or
ethnic group identified in accordance with the classifications set forth in
section 4 above and that group is a significant factor in the relevant labor
market, the user generally should investigate the possible existence of un-
fairness for that group if it is technically feasible to do so." Tr other
words, a demonstration of fairness is required only where:

(1) there is evidence of adverse impact as defined in section 4D of the
UGES;

(2) that adverse impact affects a group identified in section 4B of the
UCES;

(3) the group(s) affected comprise a significant factor in the relevant
labor market which is defined in section 15A(l)(c) as constituting ,more than
2% of the labor force in a "relevant labor area";

(4) it is "technically feasible" to investigate the fairness issue.
Technical feasibility is defined in section 14 B(8)(c) to include:

(a) sufficient sample sizes to achieve statistical significance;

(b) direct comparabilitv of the samples in terms of the actual jobs
performed.

IAt this writing, miiitnrv personnel in DOD agencies do not fall under the
purview of Title \'IT_, th.is, may not be legally boend to the UGES. However,
"the autho r takes the :,ositinn that the UGES reprsent current professional
thinkin.,c in this technical arca, therefore, they provide appropriate guidance
independen t oý tbhe ir st itus -i law'.
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The issuew: raised in paragraphs 1-3 above are empirical questions. They
are best ansvered by descriptive data pertaining to the population of applicants
to US Army flig't training. The Fort Rucker Field Unit of ARI began an investi-
gation of the selection rates of applicants of the groups identified in section
48B of the UGES. Data were requested from MILPERCEN and RCPAC and a quality
check was performed on the data obtained from the master files. Master file
data were cross referenced with data in the student pilot's flight folders at
the Directorate of Training at Fort Rucker. Taking the black group as an
-'xample, master file data were missing for over 78% of the trainees, i.e., 7S%
of individuals .ho had entered the flight training course did not appear in the
master file. Therefore, it must be concluded that the selection rates prior
to 1980 are indeterminate and adverse impact cannot be assessed.

With the advent of the revised FAST test (RFAST) which replaced the earlier
form in the field in early 1980, the data collection problem referenced above
has been alleviated. The RFAST answer sheet requests information on the sex
and ethnic status of applicants. All RFAST answer sheets are sent to ARI,
Fort Rucker for machine scoring and storage in the RFAST archives, thus, all
the information needed to determine whether or not adverse impact exists will
be available at ARI Fort Rucker. Given that it commonly takes more than one
year between taking the RFAST and graduation from the 34 week training program,
it will be some time before adverse impact can be determined for the RFAST.

In the interim, the conservative assumptions will be made that adverse
impact does exist for all the groups identified by Section 4B of the UGES,
and that each of those groups constitutes more than 2% of the applicant popu-
lation. Pursuant to Section 14B(8) of the UGES, a fairness evaluation will
be undertaken for each group where it is "technically feasible" to do so.
However, the issue of technical feasibility is, like the issue of fairness,
a matter of some debate in the technical literature. As noted above, the
UGES discuss the issue of technical feasibility with reference to sample
size and comparability. In an empirical study of the statistical power
associated with various sample sizns, Schmidt, Hunter and Urrn (1976) con-
cluded:

"ThLs s tuda demo as t~uute3 that nsaipte sizes tequ~i.ed to pzedace
adequate powet 61ip&L.nL va-Lidattcn studie ate subs.tantzt~i y
fatge-i than has typicayfy been assumed. Th.s finding Ceads to
the concLusion that, item the v42Lqxzttt cd bcmpte-szie rqueAc-
,eitts, ctcttti2tI,- e aat ted vat.ti t; 5tudte, ate "technicattt

'Ha~be" ,ruch Less 6'tcquentfy titani 1,6 ecnwonty a~sumed (P. 473)."

Using the methodology developed by Schmidt, Hunter and Urry (1976) to estimate
the sample size required in the present evaluation, and making the liberal
assumptions that (1) the true validity of the FAST test is .50, (2) the
reliability of the Initial Entry Rotary Wing (IERW) overall grade is .60 and
(3) 70% of the applicants to the IERW program are accepted, 128 subjects per
group would be required to reach a power of .90 (i.e., to have a 90% probability
of rejecting the null hypothesis if it is indeed false). Thus, from the stand-
point of the Schmidt, Hunter and Urry (1976) article•, it is not technically
feasible to perform a fairness evaluation of the FAST until a larger sample
of IERW graduates is available.
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An earlier section of this research report noted that a revised version of

the FAST (the RFAST) is presently being implemented in the field. The version
of the FAST being evaluated for fairness in this report has two differeat
forms developed for implementation with commissioned officers and enlisted

personnel respectively. Since the two forms differ substantially in content
and number of items, the current fairness evaluation must be conducted sepa-

rately for these two populations. There is only one form of the RFAST which

has been developed for use with both populations. Therefore, future fairness
evaluations will not require separate commissioned and enlisted samples which

will considerably ameliorate the problem of collecting samples large enough
to permit a conclusive fainiess evaluation.

One key issue in the design of a fairness evaluation study is the choice
of a statistical model to guide the minority/majority comparisons. Section
14B8 of the UGES raises the point that the concept fairness is still evolving
in the literature. Specifically, the choice of a statistical model has been
debated for nearly a decade since the publication of the 1970 version of the
EEOC Guidelines (see Cole, 1972; Hunter and Schmidt, 1974; Hunter, Schmidt
and Rausehenberger, 1977 and Ledvinka, 1979). The current literature focuses
on four models which lead to different operational definitions of fairness/
unfairness:

1. The regression model (Cleary, 1968) which states that a test is fair

if the regression lines predicting job performance are the same (plus or minus
sampling variation) for minority and majority groups.

2. The conditional probability mrdel (Darlington, 1971; Cole, 1973) which
states that a test is fair if the probability of being selected is the same
for minority and majority group members who are actually capable of satisfactory

job performance.

3. The constant ratio model (Thorndike, 1971) which states that a test is
fair if its selection ratio for minority and majority groups is the same as

the selection ratio using a perfectly valid test (or using the criterion

measure itself for selection).

4. The quota model which states that a test is fair if its selection ratio
is the same for all minority and majority groups regardless of group performance
on the job.

While various authors continue to argue the technical and ethnical merits
of these models, it has been pointed out by Ledvinka (1979, p. 552) and by

Hunter, Schmidt and Rauschenberger (i977, p. 256) that the UGES clearly
specify the regression model as being legally appropriate in the conduct of

fairness research. Two UCES passages can be cited to document this point.

"When membes ,, ,i one iace, sek o ethnic gqonp cha.actei4,sticLfy
obtaii eo.e *scoqt.s on a sefcc-tion pftocedme than membe' o6
anothc'z gtcoup, avid the di4••ca.cez ucn $COSes awte not ACeefccted
in ciKeccces in6 a mcaSeoe eof job peir6ormance . (Section
1458a. I"
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"16 un6citne~s +s dcmon~trated thtaugh a showing that membevs
of a particuiar group perforum better ot pooret on the job, then
thteiA sco-es on the selection prtocedure would indicate th'wagh
comparison with how members o6 other grwups perform, the user
may either tevise o4 reptace the setecon in-trument in accord-
ance with these gwid{eines, o may continue to w6e the selection
inst'ument opeiationatty with appxopniate kevisions in it& use
"to aszure compatibitity betveen the probabitity o6 succe-ssfut
job peAdormuance and the probabiL-ty o4 being setected." (Section
2488d).

There is an additional, independent reason to use the regression model
in this fairness evaluation. Of the four models, it alone does not require
a "pass through" methodology in which IERW applicants are selected for
flight training regardless of their FAST scores. While a pass through
methodology is technically appropriate in fairness research, it incurs
a substantial increase in attrition rate over the use of an efficacious
selection procedure. Given that the training costs in the IERW program
exceed $125,000 per trainee, the two costs of a pass through program, higher
attrition costs and a reduced output of trainees, could conceivably cost
the government millions of dollars per year and lead to an even greater
shortfall in aviators in the field.

METHOD

The subjects that comprise the minority/female samples include all IERW
program trainees who identified themselves as belonging to one of the groups
previously identified in the UGES (Black, Hispanic, Asian, American Indian,
female) and for whom both FAST and IERW overall grade (OAG) data were avail-
able in US Army Aviation Center (USAAVNC) records. The data collected cover
the time span July 1975 tc July 1979.

In order to develop the regression comparison procedure and to estimate
the fairness of the FAST as a predictor of performance in the IERW Program,
a sample of the FAST and OAG scores for majority trainees was selected.
During the same time period that scores were monitored for the minority
samples described in this report, a random sample of 10% of majority offi-
cers and 10% of majority WOCs was drawn from the majority population.

The sample sizes for minority/female and majority commissioned officers
and WOCs are presented in Table 1.

The Introduction Section of this paper developed the concept that the
evaluation of test fairness requires the comparison of minority/female and
majority regression lines. A statistical technique was specifically formu-
lated for this purpose by Gulliksen and Wilks (1950). Additionally, there
is precedence for the application of this procedure under the mandate of the
UGES (Reilly, Zedeck, and Tenopyr, 1979). The Gulliksen Wilks technique,
which was derived from Neyman-Pearson likelihood ratio test theory, tests
three null hypotheses sequentially (1950, p. 96):
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1. HI is the hypothesis that the populations from which the samples
were drawn have equal standard errors of the estimate (around the least
squares regression line).

2. H2 is the hypothesis that the slopes of the population regression
lines are the same.

3. H3 is the hypothesis that the Y-intercepts of the regression lines
are equal.

In applying the technique, the three hypotheses are tested sequentially
starting with Hl. If any hypothesis is rejected, hypothesis testing stops
and it is concluded that the samples were drawn from different bivariate
populations. If all three null hypotheses are retained, then the samples
have the same hivariate dispersion, slope and intercept and thus, coincident
regression lines.

In applying the Gulliksen Wilks technique to the current fairness evalua-
tion, a significant problem arises because of the small sample sizes currently
available for ethnic and female IERW trainees. Gulliksen and Wilks state that
their primary purpose is, ". . . to present large-sample tests for the hypoth-
eses considered from the point of view of Neyman-Pearson likelihood ratio test
theory (1950, p. 94)." The smallest sample in the Reilly, et. al. (1979)
experiments included 45 subjects. A conservative statistician would prefer
to have 100 data points in a "large sample" bivariate distribution. How-
ever, it is clear that the sample sizes in the current research, which
range from a high of 22 Black Officers to a low of 3 Oriental Officers, do
not meet the sample size requirement for the Gulliksen Wilks procedure.

A search of the statistics literature produced a regression line com-
parison procedure which was derived from the analysis of covariance rather
than from Neyman-Pearson likelihood ratio theory. Snedecor and Cochran
(1967, pp. 432-436) present a procedure which tests the same three sequen-
tial hypotheses discussed by Gulliksen and Wilks (1950). This procedure,
while it is sensitive to the usual assumptions made by parametric statis-
tics, is not based on the assumption of large sample sizes.

RESULTS

Table I presents sample sizes, means, and standard deviations for the
Commissioned Officer and WOC samples. In addition, the correlation of the
FAST and overall grade for each group and the significance of that correla-
tion coefficient is shown. At least in part because of the small sample
sizes of the minority and female samples, only 2 of the 10 correlations
attained significance. In both of the majority samples, the FAST proved to
be a significant predictor of overall grade despite the restriction in range
caused by the prior use of FAST scores as a selection criterion (Commissioned
Officers must score at least 155 and enlisted or civilian entry must score at
least 3002 to gain admission to the IERW training program). In reality, the

2 Since these data were collected, thc FAST cutoff score for WOCs was reduced
to 270.
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restriction of range problem applies only to the WOC samples since very few
of the Commissioned Officer applicants score below 155. The lesser restric-
tion of range in the officer sample is the most probable explanation for
the generally higher correlations in that group, as contrasted to the WOC
samples.

The three hypotheses tested in the fairness evaluation concern the equality
of the standard errors of the estimate, the slopes, and the Y-intercepts for
the minority/female and majority regression lines. The logic of the hypothesis
test procedure requires that the three hypotheses be tested sequentially. That
is, the hypothesis of equal dispersion about the common regression line is
tested first. If that F-ratio reaches significance, the hypothesis test pro-
cedure stops and it is concluded that the two samples are not taken from the
same bivariate population. If the F-test for equality of variance about the
common regression line is nonsignificant, then the second hypothesis is tested,
i.e., the two slopes are compared. Again, if the F-ratio reaches significance,
it is concluded that the two regression lines are not the same. If the F-ratio
is nonsignificant, then the third hypothesis is tested, i.e., the Y-intercepts
(or elevations) of the two regression lines are compared. Again, if the F-
ratio reaches significance, it is concluded that the two samples did not come
from the same bivariate population. Only if all three hypothesis tests yield
nonsignificant F-ratios can it be concluded that the two regression lines are
coincident.

Given the very small population sizes available at the time this research
was undertaken, it might be misleading to present hypothesis test results.
The statistical power, even in the largest minority/majority comparison, is
not sufficiently large to ensure rejection of the null hypotheses if they
are indeed false. Thus, these data will be retained and the fairness analysis
will be repeated biannually until such time as sufficient data are available
to perform a conclusive study.

DISCUSSION

As noted previously, the data base for minority and female IERW trainees
is not of sufficient size to permit drawing conclusions regarding the fairness
of the FAST as a selection device. The purpose of this paper is to develop
the rationale and methodology for such a fairness evaluation. Thus, the
current discussion will focus primarily on methodological issues.

In accordance with the UGES the fairness of a selection procedure should
be determined by reference to the regression of that selection test (or pro-
cedure) on job referenced criteria. Section 14B(3) of the UGES notes that
training performance is an acceptable criterion under certain conditions:

"WheAe peA onmance in t'ta-&vng i6s wsed a6 a cAtteAkon, z3uceusb
in t uzining 6houtd be prope&y meazuAed and the %Ptevance o6
the tkaining hou•d be 6hown eitheA thwLugh a compa~ison o6
the content o 6 the training pr9ogram with the c'iticae o4 impor-
tarnt work behaviok(s) o6 the job Gs), ort tlough a demonstration
o6 the Aelationship between meazwter o6 pemformance in tkainin9
and measwres o6 job perAormance. MeasuAes o6 tetative succe6
in Vtaittkg Znclude but me not timited to instwActor evaluation,v,
peA6okmance sampte", o0 tst."
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The IERW training program clearly meets the conditions specified in 14B(3)
by virtue of the content of the training program and the measures of relative
success employed as grading procedures. The curriculum of the IERW Program
of Instruction (POI) has been developed specifically to train aviators to
perform Army aviation missions in the field. Thus, the content of the training
program corresponds very closely to the critical work behaviors performed on
the job. Training grades are composed of the three components identified in
the UGES: Instructor evaluations (Instructor Pilot put-up scores), performance
samples (checkrides), and tests (academic examinations). The IERW overall
grade which is used as a criterion in this research is a composite of all three
evaluation components. In summary, the design of the current fairness evalua-
ticn is in accordance with the directives of the UGES.

While the sample sizes for the minority/female groups presented in Table 1
are too small to justify the drawing of inferences to the entire populations
of female and minority aspirant aviators, several points warrant discussion.
For both Hispanic samples (Officer and WOC), the FAST has a nonsignificant
negative correlation with overall grade. Inspection of the scatter diagrams
in both cases reveals that, while the general linear trend is positive for
the entire sample, two or three outliers with extreme scores unduly influenced
the regression line. For example, in the Commissioned Officer sample, the
individual with the highest IERW overall grade, 89.35, has an unusually low
FAST score, 197. Expressed as standard scores, this individual's overall
grade is z = 1.44 whereas his FAST is z = -1.12. Conversely, the individual
with the lowest overall grade, 79.39, has a moderately high FAST score, 313.
Expressed as standard scores, overall grade z = -2.71 and FAST z = .83. If
these two individuals are removed from the distribution, the correlation for
the remaining 12 individuals is .193. The sensitivity of this correlation
coefficient to only two data points demonstrates the inappropriateness of
generalizing from the small minority and female samples in the current study.

The purpose of this research effort is to establish an appropriate meth-
odology to evaluate the FAST for fairness. The methodology reviewed in this
paper has been programmed for automated computation on a computer. Additionally,
a mechanism has been established to collect data on minority/female and majority
IERW trainees. As more minority/female trainees complete pilot training, the
fairness evaluation will be iteratively performed until sample sizes permit
sufficient statistical p6wer to draw conclusions about the fairness of the FAST.
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Doorley, Richard D., US Xrmy Military Personnel Center, Alexandria,
Virginia. (Wed. A.M.)

The "New" Army Officer Evaluation Reporting System

The latest Officer Evaluation Reporting System (OERS) represents
the most substantive change in officer evaluation concept and philos-

a.ophy since World War II. It incorporates several new features which
2,J C have not been included in previous officer evaluation reporting sys-

tems: rated officer participation, senior rater concept and a senior
C0 rater profile. Participation by the rated officer in the evaluation

process provides additional information irom the rated officer's point
of view to rating officials, encourages counseling early in the rating
period and enhances the effectiveness of organizations by relating
performance to organizational missione, The senior rater concept

0 increases the role of the most senior rating official from a purely
administrative role to include a critiLal evaluation of the rated

C5 officer's potential. The senior rater profile provides a comparison of
a specific rating and a senior rater's normal rating tendency (e.g.,
easy or hard) by tracking the rating history of the senior rater and
making it visible to selection boards and DA managers. ,=-
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THE "NEW" ARMY OFFICER EVALUATION REPORTING SYSTEM

Richard D. Doorley
U.S. Army Military Personnel Center

The U.S. Army transitioned to a new Officer Evaluation Reporting
System (OERS) during the latter part of 1979. The development of the
new system took over six years during which several thousand officers
from the field participated in one way or another in the developmental
process, and, to a large extent, determined the makeup of the new
system. The process included: an Army-wide field test conducted in
110 Active Army, National Guard and Reserve organizations, an Army-wide
survey, extensive involvement with selection boards and career managers;
a review of the regulation and supporting policies with the major
commands; and a review of the performance evaluation systems of sister
services, government, industry, academia, and many allied military
services.

The performance evaluation literature reveals many commonalties.
The srated purpose in most organizations is to provide information for
makLig traditional management decisions: promotion, assignments,
awards, training and demotion. The overall trend is away from evaluat-
ing personality traits to management by objectives techniques with
employee participation and feedoack requirements. All evalu&tion systems
suffer from varying degrees of inflation which appears to be positively
related to the importance placed on the ratings. Few organizations
exercise any centralized control over raters but most have a requirement
for additional evaluators and/or reviewers to insure fairness in the
evaluation process.

Past Army Systems

Prior to the 1920's Army officer management decisions were handled
at unit level based primarily on personal knowledge. After World War I
officer personnel management was centralized and a standardized form
developed, Form 67, which was adopted in 1922. This form, with minor
revisions, was used through World War II when massive reductions put
extreme pressure on the Officer Evaluation System (OES) and resulted in
major changes. Since then there have been eight editions of the OER
caused primarily by turbulence in officer personnel management and the
concommdtant pressures to inflate ratings, especially with an up or out
promotion system.

Numerous evaluation techniques and methods have been employed on
past forms: narratives, rating scales, forced choice items, forced
distribution scales, cumulative numerical scores, and "closed" or secret
reports. The success of the various techniques was dependent upon
acceptance by the officer corps, how well they were designed and regula-
ted and in some cases when they were used.
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In 1973 shortly after the implementation of DA Form 67-7, serious
doubts were raised concerning its effectiveness. It inflated rapidly
as published benchmark scores became floors rather than Army-wide
averages. Lack of confidence and support from the officer corps and
leadership led further to its demise; consequently, the development of
a follow-on Ofl began early in 1973.

The Officer Evaluation Reporting System (OERS) is a subsystem of the
Officer Evaluation System. It includes procedures for organizational
evaluation chain assessment of an officer's performance and an estimation
of potential for future service based on the manner of that performance.
The mojor function of the OERS is to provide information rom the
organizational rating chain to Department of the Army (DA) for officer
personnel decisions. The other two functions are to encourage the
professional development of the officer corps and to enhance mission
accomplishment. To support these functions the new OERS incorporates
several new features which have not been included in previous officer
evaluation reporting systems.

The New Officer Evaluation Report

During the field test, the increased involvement of the rated
officer in the evaluation process was strongly endorsed. Rated officer
input in the form of developing the duty description and performance
objectives was viewed as an ideal technique for increasing two way
communications between the rater and rated officer, especially in terms
of developing and clarifying the elements of the rated officer's per-
formance. Rated officers perceived an increased awareness of the specific
nature of the job as well as an increased opportunity to influence de-
cisions on mission accomplishment. Rating officials gained valuable
insight into the status of the organization along with additional infor-
mation upon which to base an accurate evaluation. Now for the first time
the rated officer is included in the rating process with the use of
DA Form 67-8-1, OER Support Form. Participation by the rated officer
addresses all thr .e functions of the evaluation system. It provides
additional infor.ation to the rating chain from the rated officer's point
of view, encourages two-way communication and professional development,
and increases the effe~tlveness of organizations by focusing performance
more directly on the mission.

The front side of the Support Form (Figure 1) contains rated officer
and rating chain identification and provides for the rated officer's
description of his duties, major objectives and contributions during the
rating period. The reverse side (Figure 2) provides for rater and inter-
mediate comments on the rated officer's input, as well as instructions for
completing the form. The Support Form is for rated officer and rating
officials use and is not forwarded to DA. At the beginning of the rating
period it is used as a guide for discussion between the rater and rated
officer about the rated officer's duties, responsibilities and performance
objectives for the period. During the evaluation period, it acts to guide
the performance of the rated officer and the counseling and coaching by
the rater. At the end of the rating period, it gives the rated officer an
opportunity to provide the rating chain information about his performance
from his point of view.
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At the beginning of the rating period, the rated officer receives a
copy of the OER Support Form which is blank except for the name, grade
and position of his rater and the positions of the remaining members of
the rating chain. Within the first thirty days of the rating period, the
rated officer and rater are required to discuss the specific nature of the
rated officer's duties (his duty description) and the focus or direction
of his performance (his major performance objectives). These objectives
can be developed in several ways. They can be set by the rater, suggested
by the rated officer (which may be appropriate when the rater is new or
recently assigned) or may be jointly developed. Furthermore, this task
can be accomplished formally or informally depending on the situation,
style or personality of the rater. The important thing is that the
discussion takes place and the rated officer gets started in the proper
direction.

During the rating period, the rater and rated officer should update
the duty description and performance objectives to reflect shifts in
emphasis, additional missions, and other changes that are likely to occur.
This updating process presents the rater with an ideal opportunity to
coach or counsel the rated officer and provide additional guidance as
well as the benefit of his knowledge and experience. Concurrently, the
rated officer is afforded an opportunity to provide relevant comments,
perceptions and suggestions concerning his performance and future direc-
tion.

At the end of the rating period, the rated officer receives a Support
Form with identification data filled out to include the names of the
senior rater and the intermediate rater if one has been included in the
rating chain. The rated officer is required to complete his duty descrip-
tion, majcr performance objectives, and significant contributions--and
submit the Support Form to his rating chain. If the rated officer has
kept his irlormation updated and has continued to communicate with his
rater, he is in the best position to provide objective comments concerning
his performance and avoid unrealistic remarks.

The Support Form institutionalizes a procedure that has been a part
of effective military leadership for generattons - tt tt of clarifying
performance expectations for subordinates and, in the process, assisting
the subordinate in his professional development. Properly used, the Support
Form is beneficial to the rated officer and rating officials not only in
attaining a more complete and valid evaluation, but also in improving
performance.

Senior Rater Concept

One of the fundamental concepts of the new system is to increase the
role of more senior officers in the rating chain. The intent is to fix a
critical evaluation responsibility on the individual in each rating chain
who is at least one level removed from the immediate supervision of the
rated officer, and yet close enough to the rated officer to be aware of the
organizational circumstances surrounding his performance. By being one
level removed from direct supervision, the senior rater has additional
experience to judge performance from a broader perspective, has a wider
range of officers to consider and compare, and is more likely to weigh

requirenrtnsc -nd actual performance results more heavily



than personal relationships and personality. He evaluates the potential
of the rated officer in comparison with a sample population of 100 officer-
of tL.e same girade. This is accomplished by placing an X in the appropriate
box in the left hand portion of the distribution (See Figure 3). While
there are no quotas or rigid requirements tý- spread the rated officers
across all of the boxes, logic imposes its own constraints on the number
of officers who can be placed in any particular block. For example, it
4s extremely unlikely that all of the officers rated by a senior rater
will always be one in a hundred. Therefore, the senior rater who consis-
Lently places all his officers in the Lop box is distorting the system
and is simply not supplying DA with credible rating information.

When the OER arrives at Department of the Army Military Personnel
Center (MILPERCEN), the rating history or profile of the senior rater
is placed in the boxes in the right hand portion of the distribution.
this history shows exactly how the senior rater placed all officers he
evaluated of the same grade as the rated officer up to that time. For
example, a senior rater evaluates a major by placing him in the second
box on the left. When the report is accepted by Department of the Army

S~MILPERCEN as correct, the number of majors senior rated by that senior

S~rater up to and including that report will be placed in the boxes on the
S~right. This provides selection boards with a comparison of the senior

rater's general tendency and how he rated that particular officer, there-
by addressing that age old problem of hard versus easy raters (See
example at Figure 4). In addition, this profile will offer some protec-
tion to officers rated early in the new system in the event of general

inflation later on in the life of the system. Even after several years,
a selection board will still be able to see exactly how the senior rater
was evaluating officers the day he rated the individual officer. After

evaluating potential, the senior rater makes any appropriate comments on
performance, potential or anything associated with his review of the

entire form. At this point the senior rater forwards the OER through the
servicing Military Personnel Office to Department of the Army M-ILPERCEN

and returns the Support Form to the rated officer.

The DA Form 67-b-2, Senior Rater Profile Report (Figure 5) is used

by Department of the Army to track and maintain a record of the rating
history of the senior ;ater. This rating history is expressed in terms

of the number of reports rendered and the number of different officers
evaluated. It is produced annually for all senior raters who have senior

rated at least five different officers. One copy of the report is made
available to the senior rater and one copy is placed in the senior rater's

m Official Military Personnel File.

The purpose of the senior rater profile report is to remind all senior

S~raters of their responsibility to supply credible evaluative information to
,I |•Department of the Army. This is one of a senior rater's most important

responsibilities because of its impact on the future leadership of the Army.
Therefore, because it is an important responsibility, it is an element of

performance and is placed in the senior rater's performance fiche next to
his other performance documents, Thus, the senior rater profile report is

an indication to selection boards as to the degree to which a senior rater

accepts his evaluation responsibilities.
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Discussion

The s,'nior rater concept was instituted to help dampen inflation by
taking the pressure off the subordinate's immediate supervisor and giving

the critical potential evaluation to the more senior individual in the
rating chain who has a broader organizational perspective and thecretically

a more objective basis for evaluation. Some common causes of inflated

ratings - loyalty to the individual subordinate, team cohesion, perceived
superiority of subordinates, the perception of high levels of responsibility
and communication difficulties - affect the senior rater to a lesser degree

than the immediate supervisor; however, the Army's up or out promotion
policy still remains a pervasive pressure even for the senior rater. For
the first time in history some type of control is maintained over ratings

given by senior raters. Selection boards are able to see how senior raters
shoulder and accept their rating responsibilities via the Senior Rater

Profile Report which is generated annually for senior raters. Although the
"new" OER System has been in effect for almost two years with over 200,000
reports received, it is still too early to make a conclusive assessment of

how well it is accomplishing the objectives for which it was designed; how-
ever, preliminary feedback from the field and selection boards is very

positive. The use of the OER Support Form appears to be making a signifi-
cant contribution not only to the evaluation process, but also the goal

of better performance. Field reaction has been extremely positive, with

several benefits consistently reported: increased awareness by rated
officers of their responsibilities, a closer alignment of performance to
organizational missions, an opportunity for rated officers to remind rating

officials of what was accomplished during the rating period, and the
availability of specific information to rating officials, making prepara-

tion of the OER easier than it has been in the past.

Feedback from selection boards to date (40 boards, more than 300 members)

has provided insight into both positive and problematic areas of the new
system. Responses to a selection board questionnaire indicate a healthy

balance exists between the rater and senior rater portions of the OER
reflecting the importance of both to the evaluation process. (See Figure 6
and 7 for complete OER, DA Form 67-8). There does not appear to be undue
focus on the senior rater portion of the OER. Early fears frcm the field

that a top block evaluation was needed for promotion have been dispelled

by selection board follow-up studies. In almost a full year's cycle of
selection board deliberations, more than half of the selectees had less than

top box evaluations with a range of 1-5 box ratings, even when selection

rates were as low as 5%.

Senior raters Arrv-wide are shouldering their responsibilities very well.

The vast majority appear to be spreading their effective, successful officers

over at least the top four boxes. However, it must be remembered that the
worth of a senior rater evaluation is not based on what all senior raters
throughout the Army did, but rather, on the comparison of the box check with

the individual senior rater's general rating tendency or profile, as amplified

and explained by his remarks concerning the rated ufficer.
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PART V - RATER AUD:OR INTERMiDIATE RATER .- .- i.i ;i -Aei $o
jiuwe tenivare' A"o-41-1itvi V-1ro.. efie. ald oiiaiiaOhi," on idJ. 67 -J

RATE N COAMSflT iOie•e,

T. N mi tIorIATE RATER C.OfmtiitT•, -,•ip•ii

SIGNATURE AND DATS tMaleadtiev,

DATA REOUIRED BY THE PRIVACY ACT OF 1974 15 U.S.C. 552)a

1. AUTHORITY; Sec 301 Tae 5 USC; Sec 3022 Title 10 USC.

2. PURPOSE: DA Form 6e--6, Officet Evaluation Report. serves as the p-imary source of information for officer pesmoteel
management decisions DA Form 67-9-1. Officer Evaluation Support Form. ri-ves as . guide for the rated officer's perform-
anc. development of Lhe rated officer, enhanest the accompitahmenl of the organizstion uimsior, arnd provides add,tional
performance inlorimtition to the rating chain

3. ROUTINE USE: DA Form 67-3 will be maintained in the raied offecers official mlitarv Peraonnel File CCMPF) and
Cater Malaagement Individual File lCMlFj A copy will be provided to the rated officr either directly or sent to the
forwarding addreas aiowgn m Part 1. CA Form V?-8 DA Form 67-8-1 i low organizational use only and will be returned to
the rated officer after review by the rating chain.

4. DISCLOSURE; Disclosure o; the rated orficers SSAN (Part I. DA Form 67-8 is volunta" However. failure to verify
the SSAN may rmult an a delayed or erroneous prcessing or the orricer's OEIt Disclosure _i' the informeauo an Part lilt.
DA Form 67-8-1 is voluntary However. failure to provide the information requestar will result in an evaluation of the
rated office, without the benefits of that officer's comments Should the rated officer isa the Privacy Act as a basi not
to provide the information requested in Part 1l1c. the Support Form wil conain the rated off•i•er's atatement to that effect
and he forwarded through the rating chain in arcordanr witn AR 623-I O5

INSTRUCTIONS

PART I: IdenbficStIon - Self eaplIaLnory

PART [I: Rating Chain - Tt personnel officer or appropriate administrative office w-l fill in information based on
the commander's designated rating scheme

"PART Ills Rated Officer Significant Duties end Responaibilities - State the norma! requirements met in your specific
position as wel! as any important idditional duties Addres the type of work required, rather than frequently changing
specific tasks

PAR T IlIb: Rated Oftatr Major Performance Ob iivesll - Lit the moat important Lasks, priorities. and major area of
conYern and raponuibility aigned Thi ma n explanation of how you set out to accomplish the duties dscribed in Uila
Ideally these are planned goalt thet you will work toward in an effort to nmke a contribution to the acco•plishment of the
organization minion, however, they may be in reaction to unpredictable changes The objectives come ft am the following
(Our categories

ROUTINE - Objectives that addres the repetitive a mmonplace duties that must be carrnid oat
Th-ese are duties thait will produce les visible result? will have serious consequences if not
properly esented

"PROBLEM SOLVING - Obhectives that provide aling with problem aituations The objective
should plan for or address potential problems so tr., , sf, available to deal with them without
dLsrupting other hijectives
INNOVATIVE - Objectives that create new or improved mr, isds Of operatior in the orlanization

PERSONAL DEVELOPMENT - Ohtertivee that further profei.onal growth of an individual or
hii 'he, si.ihordiile

PART IfIc Rated Officer Significant Contribu•ions - Diese-,be the most sillnificant contribution. you made dun•ig the
r*t•| period These ma) have beer in support of the ob~ectrieu established or may Irighlight other accomplishments
that you feel are imp"rtant

PART IV Rater and/or Intermediate Rant Review and Comment - Insure any remarks are consistent with your
performance and potential evaluation on DA Form 67- E Signature does not show concurrencr with Pan III
hvt indicat¢t thalt you hoa reviewed the rated oiffoicr, portion of thre form

FIGURF 2. REVERSE SIDE OF OER SUPPORT FORN
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SENIOR RATER PROFILE REPORT
OFFICER EVALUATION REPORTING SYSTEM
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PART I-AC4MINISTRATIVE DATA

a. MIE 1"W. i•on, WJ) b, £51 c. GRASK DAY& Of 0l9"W?

DOE, JOHN J 000-11-2222 BG 25 SEP 81
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NROTC Joins the BIG Test Movement

ANDREW N. DOW, Ed. D
Director of Naval Science Evaluation

CNET, Pensacola, Florida

SUMMARY

Traditionally, CNET has allowed the local NROTC units autonomy in

matters of testing and grading. The high level of students and
institutions assured adequate quality. Recently, a few NROTC
graduates were having difficulty completing the post-commissioning
schools, especially Surface Warfare Officers' School (SWOS). If NROTC

is to anticipate who will have SWOS problems, a comprehensive
instrument to evaluate each midshipman's retention and comprehension

Cof the first three years work is needed.

7.1 ii exam was developed using the philosophy and techniques that have
evolved with the Navy enlisted advancement examination program.
Because the use of the exam and the population to be tested are
different from that of the advancement program, a number of changes
became mandatory. The three hour exam has 150 items in five subject

0 matter areas. Total standard scores and section stanines were
calculated; item analysis data were extracted. Persons who fell into
the lower stanine on any section were marked for remediation. Units
tailored their remedial work to those that needed it. No unit

Qun statistics were computed as there is no desire to set up inter-unit
rivalries.

For the 1981 exam and future exams, new software developed by TAEG of
Orlando will pinpoint specific difficulties and calculate section

standard scores in addition to providing the data produced in 1980.
This will enable individuals to zero-in on their deficiencies.

Semi-automated production is another goal.
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The Naval Reserve Officers' Training Corps (NROTC) consists of
fifty five (55) units located on the campuses of major universities

and colleges. At some of these units, students from non-host institu-
tions are "cross-town" enrolled; thus the midshipmen of NROTC are pur-

suing degrees at approximately 100 colleges and universities. The
Naval Science training is spread over the four years of the under-

graduate career; it consists of eight courses and three summer
cruises. Each course is based upon a Chief of Naval Education and
Training (CNET) approved curriculum, and is supervised by CNET with
the assistance of a course-coordinating NROTC unit. One officer
instructor attached to the course-coordinating unit is designated as
the point-of-contact which makes him the active course coordinator.
Speciric details of course presentation, testing, and grading are

local matters under the purview of the unit commanding officer who is
the university's Professor of Naval Science.

The four year Navy-option program, which includes some special

requirements outside the department of Naval Science, leads to a com-
mission as ENSIGN. Midshipmen who are enrolled as scholarship stu-
dents are commissioned into the regular Navy; non-scholarship (college
program) students are commissioned into the Naval Reserve. Scholar-

ship students receive $100 per month plus books and tuition. Newly
commissioned naval officers, regardless of source, generally attend a

post-accession school-flight, supply corps, submarine, surface war-
fare, etc. There is also a Marine option with some different
courses; this leads to a commission as a second lieutenant in the
Marine Corps or the Marine reserve.

Several years ago, it was observed that a higher percentage of
NROTC graduates were being attrited from the Surface Warfare Officers'
School Basic Course, than were officers from other sources (U.S. Naval
Academy and OCS). The Naval Personnel Research and Development
Center, San Diego was tasked with investigating this matter and repor-
ting their findings. This report (Crawford) pointed the finger at the
NROTC program on a superficial level, but they had not investigated
causes nor specific sources of the problem. Informal tallies of the

specific NROTC units of the attritlng officers tended to show that
some campuses were consistent sources of attrited officers, and that
there were a few that were intermittent sources of attrites from the
Surface Warfare Officers' School. Independently, the Navy Inspector-
General's 1978 inspection team suggested that CNET develop end-of-

course tests for all Naval Science courses. CNET chose instead to
develop a corps-wide comprehensive examination to be administered to
all first-class Navy option midshipmen (seniors) early in the academic
year. The dual purpose of this examination is to encourage quality
instruction and to diagnose deficiencies so that they may be remedied
during the final year; it is not a hurdle to be cleared before
commissioning. Headquarters is not usurping the right of the local
unit commanding officer to decide who should be commissioned and who
not. This exam, hopefully, will assist the staffs of the local units
in identifying those midshipmen that have forgotten some of the
crucial material they previously learned. While there are some
questions that check on direct, rote knowledge of nomenclature, the
whole exam is slanted toward the broader aspects of information and
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the application of interacting items of knowledge--it is aimed at
macro-objectives rather than micro-objectives.

The broad philosophy of the examination is similar to that of the
successful examinations used in the Enlisted Advancement prog:am.
Both the NROTC and the Navy Enlisted Advancement program assube that
everyone who takes the exam is qualified to undertake the next pay-
grade up the ladder. The purpose of both examination programs is to
find out who is better qualified; at this point, the two programs go
their own ways. NROTC tutors those who need it; the Advancement
system sets the less qualified aside to mature and study on their own
so that they may do better next time. Both programs use examinations
that are designed to distinguish between individuals over a wide range
of performance. In other words, these exams spread the members of the
upper &-Lid lower quarters with approximately equal validity.

Strictly speaking, the NROTC COMPrehensive could have been cast as
a mastery type exam. But, there are a number of reasons why a
mastery-type exam would be less than satisfactory for this purpose.
First, a realistic mastery-type exam that includes only materials
which MUST be mastered will appear as an easy waste of time to the top
three-quarters of an elite population like the seniors of the NROTC
midshipmen, and those who do poorly are labeled "dummies." Second,
using a truncated measure such as a mastery test is analogous to
measuring the height of American men with a ruler that is 65 inches
long; the distribution of the scores will be similarly distributed in
both of these cases. Of course, there may be a situation in which a
specific project would need to know how many men fell into each inch
category of height up to and including 65 inches, and hvw many were
over that figure. The current needs of the NROTC program are such
that a truncated information exam might be satisfactory from some
viewpoints, but it would leave many questions unanswered. Third,
mastery-type exams tend to dwell upon specific minutiae, or the
microobjectives of an instructional program or of a set of specific
"competencies." While the specific micro-objectives of an
instructional program are the necessary steps in the development of an
understanding of the macro-objective of a series of lessons, it is not
necessary that the person who understands and comprehends the
macro-objective be able to recall specific bits of micro-objective
relited information. Fourth, it is conceivable that the NROTC
COMPrehensive Examination might, in the future, serve as the basis for
recognizing those midshipmen who have achieved a high degree of
comprehension of the professional content of the officer training
program. The truncated measure is completely useless for th!s
purpose. Fifth, there are grounds to argue that a mastery-type exam
yields a score that is a tabulation of the number of "digital"
successes achieved, and is not a measure of a continuous phenomenon.
The conventional objective examination, sometimes referred to as"hnorm-referenced", yields scores that fall along a true continuum.

Sixth, most consumers of test scores have some understanding of, and
expect, statistical analyses that utilize the parametric statistics
developed by Galton and Pearson. These statistics are meaningless
unless based upon normally distributed continuous data (Treloar).
Meaningful statistics cannot be derived from the non-normally

369



distributed discontiquouQ daLa that rallies the specific successes
aciiieved on a :eister;-Y t-'p_ test.

u1V Cteat u: L.-e '•'JýC (:r.Mprch,':ist e exam i- based uoth on the
curriculum and ipon the broad co,-iperencies expected of a junior naval
officer. Its score conversion is basc~d upon the performance of a
population of known ability that has been instructed according to a

standard set of curricula. Thus the NROTC COMPrehensive is curri-
culum-and-competency based and population referenced. It is not
norm-referencd, NTROTC is not developing a set of norms against which
to compare others. The population sets the performance level, thus it
is not criterion referenced. It does yield continuous data that
distribute themselves rather normally along a continuum. Therefore,
valid standard deviations, standard scores, correlations, etc., can he

computed, and used meaningfully.

The techniques used to develop the exams for the Naval Enlisted
Advancement system were adapted to the special needs of the NROTC
examination. The advancement system uses fleet-experienced senior
petty officers to produce the raw materials from which its highly
successful examinations are built. NROTC, analogously, uses line
officers with recent experience in the role of OOD, in engineer duty,
and in the weapons field to write questions for the pool from which
the exams are constructed. In contrast to the petty officers who are
assigned to examination work for a tour of two or more years, the test
writing is a special duty of the line officers who instruct in the
NROTC units. Periodically, these officer instructors are invited to
prepare and submit one (more if they choose) test question for each
lesson in the courses they are responsible for. There is no point in
delving into the actual nitty-gritty of building and publishing the
exams, suffice it to say that NROTC's procedures are derived from
those used with the advancement system. In the semi-final stages, the
exam as a whole is reviewed and the answers checked by several line
officers.

Specifically, why is this a BIG examination? First, it is big
because of its scope--it covers the high points of three years of

Naval Science courses. These courses are the introduction to the Navy
and its traditions, Naval Ships' Engineering Systems, Naval Ships'
Weapons Systc,'s, Navigation, Ship Operations, and Seapower and Naval
History. Secondly, it is a three hour exam with 150 multiple choice
questions. Lastly, this is a BIG examination because it is used
nat i onwi de.

The examination consists of five sections with thirty questions in

each; the introduction to the Navy and the History of Sea Power are
presently merged into a single section. Each of the other four

courses is examined by a fill section of thirty items. Whenever
practical, questions ire problem oriented. In the section devoted to
ship operations there are several problems to be worked out on paper
maneuvering boards (reiative motion plots). At least two, and in some

tie�s i•i many, as four, questions are ,asked about the results of each
omuteui eriIg •oard problem. In the 19tO examination each section was a
discrete block of questions; but in the 1991 examination each section
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is spread from the beginning to the end In spiral fashion. This is
part of the attempt to make the NROTC examination as realistic as
possible--in real life, problems do not appear in neat well-classified
packages. Improved software makes it possible to derive section
scores and section related item analysis data from spiraled sections.

The 1980 NROTC examination papers were processed using the
hardware and software used for some of the examinations in the enlis-
ted advancement system. The system yielded a total raw score, section
"raw scores, a Navy standard score conversion for the total score, and
section stanines for each participant. A graphic frequency distri-
bution portrayed the overall performance of all participants; it was
augmented by parametric descriptive statistics. The system also
yielded item analysis data that included the total response to each
alternative response to the question, the overall difficulty of each
item, and each item's intra-section discriminatory power. Score lists
were prepared for each individual NROTC unit listing the score data
for each of the midshipmen attached to the specific unit. Any parti-
cipant that scored in the lowest stanine on any section was tagged for
remediation in the specific field. This cut-off point approximates
the Navy's time-honored passing score of -1.5 sigmas (standard score
of 35). Unit averages and other unit-specific data were not computed;
the purpose of the exam is the improvement of the individual rather
than inter-unit competition.

The Chief of Naval Education and Training (CNET) charged each
local commanding officer (Professor of Naval Science) with the
responsibility of devising and implementing a program fitted to the
needs of the persons in his command that needed remediation. CNfT
also requested that the nature and results of the remedial program
be reported. As little guidance came from the command, there was a
wide variety of programs. These programs cannot be evaluated at
present because the participants are members of the class of '81, and
their success as Naval officers and post-accession trainees is
unknown.

The 1981 NROTC COMPrehensive Examination will he processed using
software developed by the Training Analysis and Evaluation Group at
Orlando (TAEG). In addition to the data supplied by the advancement
system software, the new software will produce a list of individuals
(by unit) that shows which items each missed. This will reduce the
time and effort expended in remedial work, and should make that which
is done more effective. There is no reason for a midshipman to repeat
the entire semester's course when he is weak in about a quarter of the
course.

As the bank of useful examination questions grows, the process of

putting them into a magnetically recorded bank will begin. Materials
from such a bank could be used to produce the exams in a semi-auto-
mated fashion. The person who puts the new exam together will be able
to call for print-outs of items in a specific area, then select and/or
revise them. After the tentative selection has been made, the word
processor will print out the selected revised items. After some
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hand-massaging of the tentative exam, the word processor will produce
the originals of the final product.

Another proposed future development lies in the area of switching
from "content-oriented" questions to "process-oriented problems."
Some of the present questions are more concerned with "how" than with
"what" or "why," but in the future, more of them will be "how" items
supplemented with some essential "why" items. There may even be room
for a few "what" items. The general validity of the process-oriented
question, the "how" item, is being established by the College Outcomes
Measurement Project of the American College Testing Program (COMP).

As for the effectiveness of NROTC's BIG examination-as stated

earlier, it is too new to evaluate. The internal descriptive statis-
tics are acceptable for a new untried test. TAEG will perform a
predictive validity study when sufficient data and criteria are avail-
able. This and other studies will be reported in the future when they
are available.
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WORK CHARACTERISTICS -- A TASK-BASED, BENCHMARK APPROACH

WALTER E. DRISKILL, Ph.D.

MR. JAMES B. KEETH

MAJOR FRANK C. GENTM

CIO,
OCCUPATIONAL ANALYSIS PROGRAM

r__4 USAF OCCUPATIONAL MEASUPREMENT CENTERo AIR TRAINING COMMAND
RANDOLPH AFB, TEXAS 78150

Most occupations involve a number of work characteristics and aptitudes.
Present AQE/ASVAB categories or "areas of enlistment" do not fully describe

C) the nature of the work being performed within Air Force occupational special-Sc ties. Selection of personnel on the basis of AQE/ASVAB categories frequently
leads, as a consequence, to personnel expecting work to be predominantly a
particular kind when, in fact, other work requirements are paramount. Because
of this problem, USAFOMC developed a task-by-task look at USAF occupations
using a benchmark scale to categorize the nature of work being performed
within each Air Force specialty. Teams of subject matter experts were pre-
sented lists of commonly performed tasks and assisted occupational analysts
in categorizing the tadks according to the benchmark scales. Most occupations
were found to consist if tasks fitting a predcminant sategory, with several
other categories present as well. Some previously "Electronics"•specialties,
for example, were found to be primarily "Electrical," with a high component
of mechanical skills. This paper presents the rationale, methods, and pre-
liminary results of the USAFOMC effort.,,,
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!rat the aptitde indices of the Armed Services Vocational Aptitude
Battery (AS','AB) are not perfectly: descriptive :f the nature of the occu-
pations for whi.3h they are used fir selection is nut a startling revelation.
That, because of long -ustom, they have taken on a far greater meaning
than th.e- are entitled is no surprise. But, as a resllt of the broad and
indefinite meaning attached to aptitude scores. se-reral problems, as well as
misunderstandino, in the recruitment, classifioion, and utilization of
personnel arise. One effort to provide -ore insight into occupations is a
study Initiated by the Air Force Occupational Analysis Program to describe
the components of the enlisted specialties. The study involves a task-based,
benchmark methodology.

Since 1948 (Massey and Creager, 1956) the Air Force has used some form
of classification test as a selection device. These classification tssts are
validated against school success (Mullins, et al, 1981), a practice justified
at least by the absence of stable and relevant performance criteria. In
addition, one might speculate about the value of predictive or concurrent
validation efforts, because of the effects of experience.

Even when validated against school success, the relationship of aptitude
is unclear. The General Aptitude Index, for example, often is as efficient a
predictor of success in training as another index that is in practice used to
select for an Air Force specialty (Vitola, et al, 1973). The bottom line is
that we know little, but make many assumptions, about aptitude and job
performance.

A kind of magic is attributed to the aptitude indices. Operators, for
example, contend that they need personnel with a higher aptitude than the
minimum used in the classification of a specialty. No one can argue suc-
cessfully against the desirability of higher aptitude personnel for most
specialties, since there is a deaith of information about the reldiionship of
aptitude to job performance. On a more specific level, however, the operators
may need more experienced personnel rather than higher aptitude workers. The
problem here may be one of articulation of needs.

The lack of congruence between aptitude indices and the components of
the jobs for which they are used to select also creates a greater problem.
Fersonnel are counseled during recruiting and initial classification into the
Air Force on the kind of Air Force specialty for which they are qualified.
They are often recruited for an "electronic" specialty because they have
acceptable Electronic Aptitude Index (EAI) scores. Sometimes, however, the
"electronic" specialty is not, in fact, an electronic occupation even though
the EAI is the selection criterion. Dissonance results, as in a recent case
where an airman with an EAI score of 95 was assigned to a missile maintenance
specialty for which EAI score is the selection criterion. This airman believed
he was getting into an electronic field, but he observed very soon that in
his job, he encountered nothing electronic. He complained. As a result, we
made a task-b:--bask analysis of the specialty. Not only did we find that he
was correct about his job but that no electronic task -- or a task requiring
electronic knowledge -- existed in the specialty.

:tic- experience, alon.g with others, led the Air Force Manpower and
• erSC.ed Center ":Iassification Branch to request the U.S. Air Force Occupational
Anrla.sis Program to stud-.- all enlisted specialties to identify the components

-cf c-.* hu remainder cf this oaoer describes this stu-°y.
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The initial phase of the orolect involved an extensive review of the
literature to get a good historical oerspe:tive of the aptitude research
-zonducted by the USAF Human Resourcez Laboratory (AEERL), primarily relating-
to development of the Airman ýualification Examination (AQE) and Armed Servi. E
Thocational Aptitude Battery (ASVAB) and derivation of their categories or suL-
categories. In addition, discussions were held with AFHRL researchers familiar
with this area. Once revxiew of the literature was completed, definitions were
tentatively derived for each of the present four AQE./A1SVA categories - Admin-
istrative, ELectronic, Mechanical, and General - and subskills or components
involvad were related to each area. -This phase of the project turned out to
be much more difficult than at first imagined, since in reviewing the lit-
erature, no one "definitive" definition of the four areas could be found, and
in some cases, no agreement was found as to what specific components or sub-
skills comprised the four aptitude areas.

Several different and varied specialties were then selected in order to
test the approach and definitions. It became quite apparent early on that the
four aptitude categories were too broad to adequately describe the components
or work characteristics of a job or specialty. In most cases, it became nec-
essary to break down the four broad categories into smaller, more meaningful
categories.

For example, in the ADMINISTRATIVE area, it was discovered that there are
at least three types of administrative tasks. First, there are those which
involve clerical work, such as filing, preparing and maintaining forms and
publications, and answering telephones. Second, there are tasks which deal
with some form of mathematical computations, such as those performed in
accounting or finance. And third, there are those tasks which involve the
use of office equipment, such as typewriters, copy machines, or stenographs.
Thus it became necessary to use three categories in this area rather than one.

In the MECHANICAL area, it was found that not all mechanical tasks were
of equal weight. Some tasks were simple and only involved the use of such
simple or common tools as a hammer or screwdriver. Other mechanical tasks
were found to be somewhat more complex and involved spatial reasoning or
advanced knowledge of a system in order to perform. Thus, same distinction
was made as to relative difficulty of these tasks. Also, equipment operation
(other than office equipment) was considered a mechanical skill. But then
again, there had to be some distinction made between simple equipment oner-
atlon, such as driving cars and vans, and more complex equipment operation,
such as operating cranes, bulldozers, or aircraft K-loaders. Thus, further
breakdowns were essential.

In the ELECTRONIC area, it became necessary to make some distinction
between tasks that were purely electronic and those that were purely elec-
trical, since there is a difference in the skills and knowledges required
to perform tasks in either area. Also, in this area as well as in the
MECHANICAL area, some distinction was made to differentiate those tasks
that Involved a combination of skills or knowledges, such as Mechanical-
Electronic, Electrical-Mechanical, Electronic-Mechanical, and Electronic-
Electrical.
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The GENERAL category presented some problems in that it was more or less
a "catch-all" category for tho6e areas which were not involved with the other
three categories. Most of the subcategories listed here included simple
physical labor, medical skills, communicative skills (both oral and written),
general procedures or techniques, planning, reasoning, and analyzing, scien-
tific skills, and special talents (such as illustrating). But even here, it
was necessary to provide some further delineations. For example, in the
Medical subcategory, tasks were found to relate to either patient care or
patient interaction, medical lab equipment operation, or .,.edical procedures
conducted in a medical lab or operating room. Thus, three additional sub-
categories were listed.

In all, 26 subcategories in four broad areas were finally listed. For
each of the 26 components or subcategories, benchmark tasks were listed.
(For a complete list of the categories and subcategories, interested per-
sonnel can write for a copy from the USAF Occupational Analysis Program
(OMY), USAF Occupational Measurement Center, Randolph AFB, Texas 78150.
Attention: Dr. Driskiil).

DATA GATHERING

Subject matter specialists (SMSs) TDY to the USAF Occupational Measurement
Center to write Specialty Knowledge Tests (SKTs) were used in categorizing tasks
from the various specialties. For each specialty to be reviewed, those tasks
which comprised 50 percent of the total job time for the journeyman (5-skill)
level were selected. This was an arbitrary percentage which was felt to give
"a good representation of the technical tosjcs performed by the population in
"a given specialty. In addition, task difficulty data routinely collected on
each specialty were used to help categorize those tasks where difficulty was
a factor.

As each team of SMSs were used, they were explained the categories and
shown the benchmark tasks for each. Definitions were carefully explained to
then in detail so as to avoid any confusion, As each team went through the
task list,:, they were asked to explain what was involved in performing the
tasks, what type of skills or knowledges were involved, etc. Occupational
analysts used their comments in deciding the category which best fit the
established benchmarks. In most cases, a single category was appropriate
for any given task. In some cases, however, a task would involve multiple
categories or components. For example, in the Small Arms specialty, many
of the tasks are general in nature, since they involve instruction on the
use and maintenance of weapons. But there is also a mechanical element to
most tasks, since many of the steps shown in the instruction involved
performing mechanical operations. When this happened, the task was placed
in both categories.

Once all tasks were categorized, the totals for each category were
tallied and a final overall category (Administrative, General, Mechanical, or
Electronic) was listed for the specialty, along with other pertinent findings
or components. The SASs were asked their general opinion on the current
AQE/aSVAB category and on the categoiization results for their AFSC. Where
there were differences found between the current AQE/ASVAB category and the
USAFOMC categorization, they were asked their opinion as to which category
they believed was most appropriate. This exercise tended to flurther validate
thp esliE cf the projectC'.
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CONCLUSIONS

In looking at some 87 specialties to date, it is quite evident that
a project of this nature is needed. While the four AQE/ASVAB categories
currently in use are sufficient for many ladders, they are not sufficient
for describing others. The nature of work performed today in some enlisted
specialties has changed drastically from that performed years ago when the
original AQE/ASVAB categories were established. As USAFOHC completes
categorization in each of the approximately 200 major enlisted specialties,
the information is being turned over to the Air Force Manpower and Personnel
Center's classification Branch. Where differences exist between the
current ASVAB classification and the USAFCKC categorization, a reexamination
of the ASVAB testing category may be required.

By using a task-based approach to examine the types of work being
performed in specialties, it is possible to provide better selection and
recruitment information.
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INTERACTIVE VIDEO FOR INTERPERSONAL SKILLS TRAINING

Frederick N. Dyer and James E. Schroeder
Army Research Institute Field Unit, Fort Benning, Georgia

Paul Czerny, Daniel P. Gillotti and Edward W. Youngling

Litton Mellonics Systeais Development Group
Fort Bmnning, Georgia

ABSTRACT

---This new interpersonal skills training technology uses a videodisc player
S controlled by a microcomputer. The videodisc depicts a number of possible in-

teractions between a new Army lieutenant and his subordinate which might occur
when the lieutenant attempts to solve a problem such as deficient subordinate
performance. The leadership trainee is first presented background information

y4 related to the problem. The trainee then sees and hears the subordinate's
initial comment on the television monitor. A menu of possible responses the
student might make follows on the TV screen and the trainee selects the one he
feels is best by pointing to it with a light pen. The computer program causes

the videodisc player to move to the point on the videodisc that depicts the
way the subordinate might react if treated in that manner. The subordinate's
reaction to a given response is designed to provide feedback about the quality
of that response. One mode of instruction attempts to simulate an interpersonal

1< interaction as closely as possible. Another adds additional feedback about th'!
quality of each response. whether it is the best response, and the reason it is
correct or incorrect. Initial reactions of individuals reviewing the first of
eight videodiscs have been highly positive. An experimental evaluation of its
"training and assessment potential begins in November 1981. -.

INTRODUCTI ON

Bac kgrcund

Previous research at the Army Research Institute Field Unit at Fort Benning,
Georgia, showed that a videodisc system could successfully train soldier technical
skills even when only a fraction of the potential of the videodisc medium was
used (Holmgren, Dyer, Hilligoss, & Heller, 1979). The current research and
development effort at the field unit more fully exploits videodisc technology
by providing simulations of leader-subordinate interactions for realistic train-
ing of interpersonal leadership skills. These videodisc scenarios will allow new
Army leaders to practice interactions with simulated subordinates in situations
which now are frequently mishandled in actual Army settings.

This videodisc interpersonal skills training and assessment (VISTA) project
was initially conceived as a way to reduce the high personnel costs associated
with use of assessment centers for assessing and developing leadership skills.

IThiS paper was also presented at the American Psychological AsouciatioU

Convention and the Society for Applied Learning Technology Convention.
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The problem was one of simulating human beings in the many different waysthat they might respond in a leadership interaction. An audiovisual medium
was needed that would allow rapid accurate random access to a large number
of motion sequences. This could not be accomplished satisfactorily prior
to the advent of the videodisc.

Participants in the Project

Three Army agencies, a civilian contractor, and two Army television
studios are working with the Army Research Institute in the development and
evaluation of this new technology for interpersonal skills training. TheArmy agencies are the Training Developments Institute of the US Army Trainingand Doctrine Command at Fort Monroe, Virginia which is funding scenario de-
velopment and evaluation; The Army Communicative Technology Office at Fort
Eustis, Virginia which is providing equipment and videodisc mastering; and
the US Army Infantry School at Fort Benning, Georgia which is providing
leadership subject matter experts. The Litton Mellonics Systems DevelopmentGroup at Fort Benning, Georgia is developing the leadership training scenarios,
integrating the computer and videodisc hardware and developing the computer
software. They will also carry out the experimental evaluation of the materials.
Video production is being done primarily by the Fort Benning Educational Tele-
vision Branch with some assistance from the Training and Audiovisual Support
Center at Fort Gordon, Georgia.

COMPUTER-VIDEODISC TECHNOLOGY

Videodisc technology provides television displays which are much more
flexible than those which come from videotape. Access from any one frame or
sequence to any other frame or sequence is less than five seconds for the
videodisc player we are using. Less distant segments on the disc can be reachedand displayed in less than one second. In addition, during forward and reverse
searches, the videodisc player is monitoring the frame number. As a result, theexact frame can be selected which corresponds to the beginning of a new motion
sequence. Alternatively, the videodisc player can repeat that single frame
over and over again for a static display. (This single frame feature would
allow a slide-show of 54,000 separate pictures.)

The player can be interfaced to an external microcomputer. This allows
computer controlled branching to different segments of the videodisc. It alsomakes it possible to present computer graphics on the video screen for increased
instructional flexibility. In addition, a light pen or touch panel can be added
to the system to permit the student to interact with the display. Finally, a
real-time clock can be used to measure response latencies and use those
latencies as cues for certain video segments.

Our system consists of an MCA PR-7820 videodisc player interfaced to an
Apple-it computer (48K plus PASCAL language card) via a Colony Products VAI
controller card. We also use a Symtec light pen and a Mountain Hardware
real-time clock. All software is written in the programming language PASCAL.
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LEADERSHIP TRAINING APPLICATION

Two different modes of instruction have been developed. The
"experiential" mode will be discussed first followed by the "pedagogical"
mode.

In the typical training situation, a new junior officer leadership trainee
sits before a television receiver holding the "light pen" that allows direct
interaction with the display. Typically, the television is first used to present
some written background information to the trainee about a soldier who presents
a leadership problem. This might be a new private in the platoon who has finan-
cial problems or an NCO who has been verbally abusing members of his squad. That
individual then appears on the screen and is seen entering the lieutenant's
office or approaching the lieutenant in the field setting. The televised
subordinate typically begins the interaction, speaking directly to the viewer.

Following the background data and this initial comment by the simulated
subordinate, the leadership trainee is shown a televised menu of possible
responses that a new lieutenant might make in the situation. Each response
was carefuliy chosen by scenario developers to appeal to at least some new
leadership trainees. However, some of the responses are much more appropriate
in the situation than others. The trainee reviews these alternative responses
and points with the light pen to the one believed to be best. Immediately, the
simulated subordinate reappears on the screen, behaving as he probably would if
treated in the manner that was selected from the response menu. When this video
segment depicting the simulated subordinate is complete, a new menu of responses
for the trainee appears on the screen and the trainee selects a response for
this updated situation with the light pen.

In this "experiential" mode of instruction, interactions continue between
the leadership trainee and the simulated subordinate for as many as ten exchanges
until the situation is resolved for better or worse. In the latter case, the
simulated .,bordinate might be last seen on the TV bolting away from the lieu-
tenant muttering about incompetent second lieutenants. Should the leadership
trainee pause too long prior to responding, the computer would "know" this and
would automatically display the simulated subordinate saying something like
"If you are finished, Sir, I need to get back to the troops."

It is expected that these interactive scenarios with their rapid branching
will cause trainees to react and respond to the subordinate depicted on the TV
in much the same way as they would to a real subordinate. This approach to in-
terpersonal skills training might provide a potent tool for training leader skills
that unfortunately now are frequently learned only by trial and error on the job.
In the instructional mode described above, the videodisc interactive scenarios
will also provide trial-and-error learning, but the errors will not have serious
negative consequences for the person the leader deals with or for the leader
himself.

The second or "pedagogical" mode of instruction provides more feedback to
the leadership trainee. In this mode, the student will first be asked to con-
struct a response for a given leadership situation, by either writing it down
or thinking it through. Next, the trainee is presented a response menu and
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asked to s, lcct the response t lit is closest Lo .ic trainee' s answer, or is
the best alternative. Alter selecting; an alternative, the student has the

option or previuwin. the responsev. ii this option is sclected, the trainee
is shown the model I ieutc0innt (actor) making that response. This preview

insures LiaL the trainee is; not tricked b verbal-beliavioral discrepancies.
If the student does n•ot like the response, the program branches back to the
response menu. After the leadership trainee decides to keep a response, the

videodisc plays the response (camera on subordinate's face), and the trainee
sees the subordinate's reactions during and aftCr the statement. Following
this notion sequence, computer-generated text informs the trainee whether

or not the response selected was the best option and provides precise feedback
about why it was correct or not. If the alternative selected was not the best

choice, the trainee is again presented the response menu but with the incorrect
alternative removed, If it was the best alternative, the student is given the
option of viewing any or all of the wrong alternatives to see why they were
less appropriate. When finished with the first choice point, the trainee is
taken to the second choice with a brief video review to recreate the situation.

In this pedagogical mode the trainee is never allowed to go more than one step

off the "best path."

The same videodisc can be used for both the "experiential" and the
"pedagogical" modes of instruction, because the computer software dictates the

mode of instruction. Research is planned to establish the optimal means for

combining these two modes of instruction.

PROGRESS AND PLANS

The initial videodisc scenario was completed in the Summer of 1981. All
eight will be completed less than a year later. The scenarios will receive

their initial validation in a leadership course for new Infantry lieutenants.

However, they might be sufficiently general that they could be used for other

Army Branches and possible leaders in other services.

"The eight scenarios might also provide a powerful and inexpensive leader-

ship assessment tool. All eight videodiscs will provide nearly 100 opportunities

to measure quality of leader responses. Such assessment data could possibly be
used to aid in selecting candidates for the Army's Branch Immaterial Officer Can-

didate Course (formerly OCS) or for the Military Academy. The procedure might

also be used as a voluntary refresher course for more experienced Army leaders.

FuLure videodisc developments are anticipated for training the critical
interpersonal skills of race-relations officers, chaplains, military police,

and senior officers. Training of tactics and combined training of tactics and

interpersonal ieadership skills are also foreseen.

16I



Reference

Holmgren, J. E.; Dyer, F. N.; Hilligoss, R. L. and Heller, F. H. The
effectiveness of Army Training Extension Course lessons on videodisc.
J. Educational Technology Systems, Vol. 8(3), 1979-80.

ABOUT THE AUTHORS

Dr. Frederick N. Dyer is a Work Area Leader with the Army Research Institute
for the Behavioral and Social Sciences. He is currently responsible for research
on computer-assisted leadership assessment and training. He holds a Ph.D. degree
from Michigan State University in Experimental Psychology.

Dr. James E. Schroeder is currently a Research Psychologist with the Army
Research Institute for the Behavioral and Social Sciences. Prior to joining
ARI, he was a Research Psychologist with Litton Mellonics and an Associate
Professor at Lamar University where he conducted research in Learning and
Motivation. He earned his Ph.D. in General Experimental Psychology at the
University of New Mexico.

Dr. Paul Ccerny is a Senior Operations Research Analyst with Litton Mellonics.
He holds a Ph.D. in Biopsychology from the University of Georgia.

Mr. Daniel P. Gillotti is a Senior Research Analyst with Litton Mellonics.
His former work assignment was as a Training Development Specialist with the
Vought Aerospace Corporation. He is retired from the Army and holds an M.A.
in Counseling Psychology from Ball State University.

Dr. Edward W. Youngling is Projects Manager for Litton Mellonics'
Fort Benning operations. He holds a Ph.D. in Experimental Psychology from
the University of Massachusetts.



TESTING RECALL BY MEANS

OF MULTIPLE CHOICE TESTS
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Ralph W. Ekwall, Ed. D.
Educational Specialist

US Army Command and General Staff College
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This paper defines and discusses the difference between recall and recognition.
Examples are presented to illustrate the difference. The implication of the differ-
ence is that modern training programs are computer mdnaged, or computer assisted and
make use of machine scored answer sheets. These modern systems have not been capable
of testing recall-only recognition. The graduate of a training program needs to be
able to recall rather than recognize. The system for testing recall by means of a
machine scored answer sheet is explained and dennstrated..X
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TESTING RECALL BY MEANS OF

MULTIPLE CHOICE TESTS

ABSTRACT

This presentation explains the difference between recall and recognition. The
implications of the difference are discussed. Special attention is given to the
fact that the extensive use of machine scoring causes recognition to be tested
rather than recall. The method for testing recall by means of multiple choice
testing is explained and an example is demonstrated.

EXPLANATION

Recall and recognition are different mental processes. Recall requires the stud4
to retrieve a term or word from memory. The student is provided no help; he is aske4
for a response and the student must go through the process of searching through his
mental files trying to find the correct term or name. Recall is an active process
and a higher level of mental activity than recognition. Recognition, on the other
hand, tends to be a passive process. The student is required to select from a list
presented to him. In summary: the processes are different; recall is a higher level
activity with more requirement for mental activity; recognition is a lower level
mental activity which tends to be passive.

At this point an attempt will be made to provide some evidence of the difference
between recall and recognition. You may have had the experience of thinking thet
you know an answer to a question, but not being able to stdte the answer. When you
see the answer among a set of responses you are able to identify the answer. Th's
is an example of being able to recognize, but not recall. Let's try sorme examples.
You will be asked a question; a few moments after the question is asked a transpiren(
will be projected showing possible responses - one of which is correct.

Who was vice-president during the last four years of Lyndon Johnson's presidentil
term?

A. Hubert Humphrey
B. Walter Mondale
C. William Miller
D. Spiro Agnew
E. Nelson Rockefeller

What is the scientific name for the dog?

A. Felis Catus
B. Equus Cabellus
C. Semper Fidelis
D. Canis Familiaris
E. Fidelis Fedelis

What is the name of the outermost planet of our solar system?

A. Saturn
B. Mars
C. Jupiter
D. Pluto
E. Mercury
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Next, we will look at theimplications of the difference between recall and
recognition. The distinction is often fuzzy in the world of training. We often
write objectives that say "the student will identify..." and this often means
recognize because the student is required to recognize the correct term in a 4
choice multiple choice question . If the objective says "the student will recall...,"
then the student should be required to recall - not to recognize. In real world
working situations the distinction is important. In the real world, workers are
required to recall-not recognize. The ordnance technician who needs a new can
pin should be able to recall the name of the part; he will not be given a list from
which he will recognize the needed part. He must recall and then say or write the
name of the needed part; it is not enough aor the worker to recognize names of
parts. The essential point is this: It may be more desirable to train students to
recall terms rather than training for recognition.

Modern training programs have been developed to achieve a maximum of efficiency.
To achieve this degree of efficiency, training programs often rely on testing and
evaluation systems that utilize machine scoring, computer assistance and computer
management. This means that multiple choice items, which can be machine scored, are
used extensively in modern training programs. Since extensive use is made of
multiple choice items, most of the testing is testing of recognition rather than
recall. There is a need to be able to test recall by means of multiple choice items.
The remainder of this presentation will describe a method for testing recall by means
of the multiple choice test.

The method requires that the student recall and write out the required response
on an initial response sheet. This response will be the basis for answering a mul-
tiple choice question. The multiple choice questions will ask the student to
identify certain numbered lettersin the answer. An example is needed to illustrate
the definition. Suppose that the question requires the word multimeter as the
correct response. The student writes out the word multimeter on the initial response
sheet. The question asks the student to identify the 2nd and 4th letters of the
term and is given responses such as these:

A. n,t
B. c,n
C. r,s
D. u,t

The student counts the first four letters in the word multimeter and identifies
u and t as the 2nd and 4th letters. The student therefore selects choice D as
the correct answer. It may be helpful to go through another, more detailed example.
Suppose that you are teaching about the parts of a master brake cylinder. Rather
than dealing with every possible part, only six parts will be discussed. The parts
are as follows. (See incl 1)

3. spacer
5. body
6. filler cap

10. piston cup
11. piston
15. push rod boot
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Let's review each of the six parts to fix them in your mind...
Next, let's take a look at what some questions about these parts might look like.
The first page we will call the initial response sheet. It requires the student
to write in the names of the parts. Remember that the initial response sheet is
not turned in for evaluation, but is used as the basis for answering multiple
choice questions. (See incl. 2) The instructions preceding the multiple choice
questions would be as follows. After you have written the names of the parts in the
blanks, use that information to answer questions that follow. If the part name
consists of 2 or more words, treat it as a single long word.

Question 1. Identify the 2nd and 5th letters of term 3.

A. r,n
*B. p,e

C. o,e
D. s,t

Question 2. Identify the 6th and 8th letters of term 6.

*A. r,a

B. s,e
C. o,r
D. n,l

Tis concludes the example. Note that in question 2 the term filler cap was con-
sidered as one word; the sixth letter was the last letter of the first word and a
is the 8th letter of the 2 two words are combined.

DEMONSTRATION

Now let's try the system in something like a real world training situation. The
transparency shows parts of an older model of flame thrower. (See incl 3) Notice
that there is large spring called an adjusting spring enclosed by a spring case.
At the top end if the spring is the adjusting spring botton. The spring pressure
can be adjusted by the adjusting screw at the top of the mechanism. The opposite
end of this pushes against the diaphragm assembly. There is an inlet and an outlet
with the outlet apparently larger. There is also a smaller spring called the
compensating spring; this spring is on the opposite end from the adjusting spring.
Some other parts are the nozzle, the operating pin, and the body. A total of 11
parts are identified.

You will be provided with 2 documents. (See incl 4 & 5) The first is the initial
response sheet which is a duplicate of the transparency. The other is the question
sheet with a reproduction of a part of an IBM answer sheet. Fill out the initial
response sheet and use this information to answer the questions on the response sheet.

The correct answers are: 1, E; 2, A; 3, A; 4, D; 5, C; 6, B; 7, D; 8 C; 9, A;
10, D; 11, E.

An obvious reaction to this method is that it requires the student to be able to
spell and therefore it is partly a test of ability to spell. This problem deserves
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comment. It is often possible to minimize spelling problems. Diaphragm is a dif-
ficult word to spell; in the example you were required to know only the first and
second letters so it was possible to get the correct answer without being able to
spell the word. All that was necessary was to know the first 2 letters. The
demonstration contained another problem that should be commented on. In the
example there were 3 parts beginning with adjusting; to make sure the right term
was being tested in question 7, the student was required to string 15 letters
together correctly. In an actual teaching-learning situation we usually sample
knowledge rather than testing 100% of items taught. Therefore, in an actual teaching.
learning situation we could have avoided this rroblem by not testing all 3 of these
parts.

In the final section of this presentation some conventions are suggested. (1)
Ignore capital letters; all responses will be small letters even though one of
the letters of the answer is a capital letter. Example: the answer is Georg Simon
Ohm and the 5 & 6 letters are required. Convention I says use g,s rather than
G,s. (2) Treat multiple word responses as a long single word; do not count spaces
between words. (3) Avoid requiring students to learn difficult spelling. If the
spelling is difficult, ask questions about the first 2 or 3 letters of a word.
(4) Avoid consecutive letters if feasible (5) Avoid use of first letters where
feasible (6) Construct plausible alternatives; think of plausible alternatives and
use letter combinations of those alternatives. If the correct answer is tinsnips
and the numbers of the correct letters are (2,4) the correct response is (is).
A plausible alternative is scissors and the plausible choice is (c,s). (7) Avoid
asking questions about terms that have synonyms. This is not much of a problem
in technical areas because technical terms seldom have exact synonyms.

A final note about this methodology: This is an experimental method; it has
not been field tested, but inferr..31. xperimentation shows promising results.
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INSTRUCTIONS: Write out the identification of parts I through iI on the initial response sh
Use this information to answer questions I through 71. Put your responses on
the IBM sheet below. If the part name consists of 2 or more words, treat it
a single word. The numbers in parenthesis after the question indicate the le
to be used in answering the multip'Ie choice question. The 11 questions corre
to the 11 parts on the initial response sheet.

1. (2,14) 2. (5,11) 3. (2.5) 4. (3,5) 5. (2.6) 6. (4,6) 7. (3,15) 8. (1,
A. c,e A. sp A. p,n A. i,n A. g,s A. c,k A. f,n A. p,
B. r,t B. o,n B. r,o 3. K,r B. ee B. p,n B. n,r B. b,i
C. o,n C. e,f C. g,r C. n,s C. u,t C. rn C. o,1 C. d.
D. k,l D. s,s 0. lw D. e,a D. r,s D. s,l D. j,g 0. c,I
E. d,w E. j,u E. d,e E. r,t E. n,l E. s,a E. d,n E. s,

9. (2,5) 10. (2,4) 11. (3,5)
A. o.1 A. 1,r A. e,a
B. nr B. s,r B. j,1
C. s,w C. n,r C. r,t
D. c,r D. o'y 0. o,f
E. o,e E. d,e E. l,t
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Elig, Timothy W., Gade, Paul A. & Eaton, Newell Kent, US Army Research
Institute for the Behavioral and Social Sciences, Alexandria, Virginia.
(Wed. A.M.)

Performance Criteria Development for Army Field Recruiters

A variety of measures which have served as criteria of recruiter
performance are discussed. New approaches to productivity measurement
are developed to reflect both the relative value of different recruits
to the Army and the influence of area fertility on recruiter produc-
tivity. Recent ARI research on FY79 productivity of 612 Army re-

cruiters is presented. The large influence of District Recruiting
Command fertility on individual recruiter productivity (accounting for
32% of the variance) was found to be primarily due to low priority
recruits (those recruits who have low AFQT scores and/or did not get a
high school diploma): DRC average production accounts for 34% of the
variance in production of low priority recruits while it accounts for
less than 9% of variance in production of high priority recruits.
Managerial implications of area fertility adjustments of recruiter
production are discussed. Recruiter reactions to performance appraisal

C adjustments for DRC fertility are considered.
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Performance Criteria Development for Army
Field Recruiters

Timothy W. Elig, Paul A. Gade, and Newell K. Eaton

U.S. Army Research Institute for the Behavioral and Social Sciences
Alexandria, Virginia 22333

For both day-to-day operations and for long range planning, the
development and utilization of recruiter performance criteria is of vital
"concern to managers of recruiting forces. Under the all Volunteer Force, the
role of the military service recruiter has increased in importance and
recruiting managers have felt the need to improve recruiter productivity. A
key issue in improving recruiter productivity is how to measure recruiter
productivity. We are concernec in this paper with two major changes in
recruiting that have caused us to re-evaluate the way individual recruiter
performance is measured.

The first major change is related to the increased importance of the
individual recruiter since the cessation of tne draft. Department of the Army
demands placed upon the Army Recruiting Command are adjudicated thru three
levels of this Command and ultimately placed on individual recruiters through
monthly recruiting requirements. With no draft to make up shortfalls and to
motivate individuals to enlist, the Command's concern with individual
recruiter productivity increased exponentialy. Thus, performance criteria
for recruiters narrowed from a broad concern with the recruiter as a soldier
representing the military in a civilian community to a focus on the number of
enlistments each month he or she could produce. Congressional concern with
the quality of enlistees in the Army has been translated by the Recruiting
Command to monthly recruiting requirements assigned to each Army recruiter.
The monthly mission box assigned each recruiter is a three dimensional matrix
of the number of Non Prior Service individuals the recruiter is to contract by
recruit gender, education level and Armed Forces Qualification Test (AFQT)
category, as well as a separate category of Prior Service applicants.
Education level specifies individuals as being High School Diploma Graduates
(HSDG), High School Seniors (HSSR), or Non High School Graduates (NHSG). AFQT
category specifies whether the person is at or below the 31st percentile on
the Armed Forces Qualification Test.

The increased emphasis or, individual recruiter productivity is the concern
of researchers both from the perspective of developing criteria for recruiter
management r--earch (e.g., efforts to find improved recruiter selection and
assignment factors) and from the perspective of the understanding and
acceptance individual recruiters have of the performance criteria used to
evaluate them.

Role ambiguity and conflict which can result from the setting of
performance standards are important concerns in personnel management. Role
"arroiguity refers to the dngree to which an individual actually understands

The views expressed in this paper are those of the authors and do not
ne-oq"- •' . .ref.ect the view or the !%.S Army Research institute or the
Departmert of the Army.



what is required on the job. This is different from role conflict in which
the individual understands the competing demands which are being made but may
be unable to resolve which demands are more important. Role ambiguity and
conflict have been found to be related to negative states such as
dissatisfaction, stress, impaired performance and inappropriate organizational
behavior (Rizzo, House, & Lertzman, 1970; Schuler, Aldag, & Brief, 1977;
Keller, 1975).

The second major change that is leading to re-evaluation of performance
criteria for recruiters is the need to develop criteria which are truly
reflective of an individual's performance, and not merely reflective of large
differences in task difficulty associated with geopolitical and socioeconomic
factors of the recruiter's assigned area. For example, Bennett and Haber
(Note 1) found that an urban or rural assignment was an important variable
determining enlistment success of Marine recruiters. In another study of
Marine recruiters, Larriva (Note 2) found that multiple correlations between
various predictors of recruiter success and evaluations of recruiter's
performance improved when geographic and rural vs. urban characteristics were
controlled. Criterion research conducted for the Army during 1973 and 1974
was broadly focused on differences in recruiting "territory fertility". To
account for fertility differences, individual performance was expressed as a
deviation from the mean performance in the individual's territory (Fischl,
Note 3). Average number of recruits per recruiter in a District Recruiting
Command (DRC) was shown to account for 48% of the criterion variance of number
of accessions (Brown, Wood & Harris, Note 4). While these findings
demonstrate the importance of taking geopolitical and socioeconomic variables
into account in criterion development, research remains to be done on exactly
whieh predictor variables are important to measure and how to use them in
criterion development.

Demographic variables are currently used in market analyses to determine
the number of Qualified Military Applicants (QMA) in each recruiting station's
area. The QMA is used to determine the mission requirements for each station.
Thus area socioeconomics indirectly influence one performance criterion: the
percent of mission objective the recruiter actually achieves. Here again we
see a strong potential for role ambiguity and lack of acceptance of the
relatively subtle way that "fertility" now influences the establishment of
performance criteria. A:± even greater potential for conflict exists if
performance criteria are explicitly based on area fertility.

In this paper we focus on how field recruiters and their immediate
supervisors (recruiting station commanders) feel about the current performance
criteria used for Army recruiters and how they feel about alternative criteria
that might be used. Specifically, we investigated the level of recruiter and
station commander understanding and acceptance of current criteria, their
preference for other criteria and their reactions to adjusting performance on
the basis of DRC "fertility."

Methods

Data reported in this paper are preliminary. They include only 22 of 50
recruiting stations to be contacted. This data collection effort will be
completed in early November 1981. Complete details of subject selection and
all procedures can be obtained from the authors.

307



Respondents were 44 recruiters and 22 station commanders from the Western,
Midwestern, and Southwestern Army Recruiting Regions of the United States.
Two recruiters and the station commander were individually interviewed in each
of two stations in each of eleven DRCs.

Performance measurement was the first substantive issue covered in all
these interviews. After the respondents were asked about problems encountered
in filling out our questionnaires and suggested improvements in the surveys,
the interviewer raised the topic of performance rating. Respondents were
asked to read a description of a modified performance rating system that could
be used to compare recruiting performance of recruiters in the different DRC's
(see Appendix 1). After being given the DRC Correctionl for their DRC each
respondent was asked how they would react to such a system being used.

Respondents were then asked to describe how they believe field recruiter
performance is rated now. This was followed by a question asking recruiters
and station commander how they would like to see field recruiter performance
rated. Finally, respondents were asked to pick one measure as the best
measure of field recruiter performance. The measures they were asked to
choose from had been included in their surveys. Station commanders had
previously rated each recruiter by an experimental performance report which

included the questions in Appendix 2. Fach recruiter had also rated
themselves on these items.

Results

information gathered in the interviews of recruiters and station
commanders are presented below. We first present the information gathered on
respondent's reactions to a modified performance rating system which adjusted
contract totals for DRC fertility. Next we present how station commanders and
recruiters believe recruiters' performance is currently rated and how they
would like to see it rated. Finally, we present the measures recruiters and

station commanders feel are the best measures of recruiter performance.

Reactions to a Modified Rating System

Overall, 2:3% of respondents (18% of commanders, 26% of recruiters)
accepted the system of DRC corrections. The largest group of respondents (62%
overall, 77; of comm.anders and 53% of recruiters) rejected a system of DRC
correcti-ns tecase It. did no, go far enough and adjurt for "within DRC"
fertilit> differences. Thus &5% of respondents indicated an initial

7•RC corr-ctiorv• were computed onr a 1979-80 base for a six month production
per,rAý as fciow.s: Ccrrect4on_: 6(DRCAV - DPCAVj9, where DRCAVi is the DRC's
*ve-a'-e monithly cort.rac' pro&ction per recruiter in a ten montn base
Per t oc.



acceptance of some type of area fertility adjustments. However, 15% of the
recruiters rejected fertility adjustments on the basis of their assertion that
productivity depends only upon the recruiter--his or her effort or sales
ability. Nine percent of the respondents (14% of commanders and 7% of
recruiters) indicated that the system was unfair because it would take
contract credit away from recruiters in DRCs above average in productivity.
This concern was not raised by the other respondents.

Current and Preferred Rating Systems

In the performance measurement interview, respondents were asked how field
recruiter performance is now rated and how they would like to see it rated
(the second and third interview questions respectively). Responses to these
questions were coded in two ways. First, respondents' views of current and
preferred rating methods were coded for agreement or disagreement. Second,
the current and preferred rating methods were each coded in three specific
ways. The specific codings for each were: a) the relative importance of
production numbers versus other performance criteria; b) the relative
importance of total contract production versus categories of enlistees in the
mission box; and c) type of criteria other than production numbers (e.g.,
recruiter effort).

Of the 64 respondents who could be coded, 70% (74% of station commanders,
68% of recruiters) described a preferred rating of field recruiter performance
which was different from the system which they believe is currently used.

Table 1

Perceived Importance of Criteria of Field Recruiter
Performance by Percentage of Respondents

Criteria Importance Current Preferred
Coding Station Station

Commanders Recruiters Commanders Recruiters
n=22 n= 4 2  n:20 n= 4 0

Production numbers only 77 81 30 45

Numbers and other criteria - 14 14 0 8
Numbers more irnporlant

Numbers and other criteria - 4 2 10 22
Equal Importance

Numbers and other criteria 0 2 30 5
Other criteria more important

Other criteria only '4 0 30 20

9910% 100%



Table I shows that the vast majority of recruiters and station commanders
believe that production numbers are the most important measure of recruiter
performance under the current system. This table also shows that the
respondents would prefer to de-emphasize production numbers in measuring
recruiter performance. Furthermore, station commanders and recruiters differ
in the emphasis they place on numbers in their preferred criteria (X 10.2,
4df, p<.04). Surprisingly, recruiters are less likely to reject production
numbers as a preferred criteria than are station commanders.

Table 2

Perceptionn of Productions Numbers as Criteria for Field
Recruiter Performance by Percentage of Respondents

Production Number Current Preferred
Criteria Importance Station Station

Commanders Recruiters Commanders Recruiters
n=22 n=44  n=22 n=44

Numbers not mentioned or 13 2 48 30
said to be unimportant

Unspecified Production Numbers 39 35 35 30

Specified Production Numbers

Total contracts only 9 28 9 16

Contracts and mission box - 13 9 0 12
Contracts more important

Contracts and mission box - 13 14 4 5
Equally important

Contracts and mission box - 0 5 0 0
Mission box more important

Mission box only 13 7 4 7

00T~o30 _100%O -100%f

Table 2 presents the respondents view on production figures as performance
criteria. The first row of this table reiterates the previous finding that
thi renpon-entr p-eferred ratirgs less dependent on contract production

.'re than they perceive the current ratings to be The results presented
,In th s table aIso indicate that while respondents agree on the importance of
pr:cductior figures as measures of performance, they do not agree on which
particular prodtuction figures are important. This lack of agreement on

n figures is round in both station commanders and recruiters in both
thpir understanding of the current rating system and in their preferred rating

I I I I I I IrI I



system.
Table 3

Frequency of Criteria Other Than Production Figures

Criteria Current Preferred

Attitude 3 1

Appearance 3 0

Paperwork 2 0

Credibility, knowledge as recruiter 1 1

Effort, volume of applicants worked 4 10

Supervisor ratings 2 19

Quality of enlistees but not by 0 5
mission box

Not on a month by month basis 0 4

The final coding of current and preferred ratings was for performance
measures not using production figures as criteria. Table 3 lists eight
criteria which were cited by two or more respondents. Four other responses
were made only by one individual and are not listed here. Station commanders
and recruiters differed only in the extent to which they preferred supervisory
ratings. Only 14% of recruiters selected supervisory ratinge as the preferred
performance measure while 44% of the station commanders preferred this
measure.

Best Measures of Recruiter Performance

The last question on performance measures asked respondents to look at the
questions in Appendix 2 and choose one of these questions as the best measure
of field recruiter performance. Table 4 presents the percentage of station
commanders and recruiters who choose each suggested measure as the best
measure of recruiter performance. Suggested measures can be grouped into six
general categories as shown in Table 4. There were sharp differences between
recruiters and station commanders on what recruiters can and should be held
responsible for. Twenty-five percent of the respondents choosing an applicant
processing measure emphasized that the recruiter lacks control over the
quality of the people he/she processes and over whether an individual will
contract. Thirty-six percent of the respondents chose "total contracts" or
"contracts as a percentage of the contract objectives" as the best measure of
recruiter performance because it is "what the job is all about". While many
recruiters communicated a concern with the issue of "quality" recruits, only
22% of the respondents felt certain enough about a recruiter's responsibility
and/or ability to influence recruit quality, to choose a quality indicator as
the best measure of recruiter performance.



Table 4

Percentage of Respondents Choosing Each Measure as the
Best Measure of Performance

Station
Measures Commanders Recruiters

n=22 n=42

Overall Ratings
1. 5-pt scale 5 2

17. 7-pt scale 0 0
18. Enlisted Evaluation Report 5 a

Applicant Processing
2. Contacted for at least 20 min. 9 14
3. Test 5 7
4. Send for physical 0 2
5. Send for contracting 9 2

Contracts and Mission Objective
6. Contracts 18 24
7. % of objective 9 17

Delayed Entry Program (DEP)
8/9. Number of DEP losses 0 2

Objective Quality of Enlistees
10. High School Diploma Graduates 9 0
11. AFQT I thru IIlIa 0 0
12. HSDG and AFQT I thru !Ila 0 2

Subjective Quality of Enlistees
13. Quality service for term of 5 10

enlistment
14. They are right for Army 0 14
15. Army right for them 0 0
16. Become quality NCOs 0 u

74f

More than one response 27 2

101% 98%

Note: Wording of measures for commander is in Appendix 2.

ahis question was not on the recruiter self report



Discussaion.

Before examining the views of station commanders and field recruiters on
new recruiter performance measures, it is best to examine their understanding
and degree of acceptance of current performance criteria.

Role Ambiguity: Understanding of Current Ratings

Role ambiguity is concerned with the degree to which an individual
understands what is required on the job. Recruiters and station commanders
seem to be in agreement that field recruiter performance is currently rated
primarily on monthly contract production. However, role ambiguity does seem
to exist with respect to what extent current performance criteria are based on
total contracts only or on achieving the mission box objectives. We cannot
currently tell whether this ambiguity is due to individual recruiter or
station commander lack of awareness or interest or to some recent shift in
Command emphasis that has not been clearly communicated to the recruiters and
station commanders.

Person-Role Conflict: Acceptance of Ratings

While many respondents stated that they did not know how field recruiter
performance could be rated differently from the way it is currently rated, 70%
of the respondents did express a preference for a rating method which
differed from their perception of the current method. Station commanders ±n
particular said they would like to see less use of production figures and more
use of the criteria used in other Army assignments (e.g. supervisor ratings of
the total person or soldier). Recruiters sought more rccognition of their
efforts and skills in working with applicants. These results indicate a role
conflict among recruiters between their identity as U.S. A'my soldiers and the
performance criteria placed on them as U.S. Army recruiters.

A different sort of person-role conflict was expressed by the 17% of the
respondents who choose a subjective enlistee quality measure as the best
measure of recruiter performance. Many recruiters express a conflict between
having to make total contract production numbers and their personal desire to
enlist only individuals whom they feel are right for the Army.

Importance of Role Ambiguity and Conflict

The amount of -ole ambiguity and role conflict which we found warrants
further efforts to understand the organizational environment of the field
recruiter.

Indications of the importance of role conflict and role ambiguity in
decreased organizational effectiveness are to be found in the general
literature. Keller (1975) found employee dissatisfaction to increase with
role ambiguity. Rizzo, House, & Lirtzman (1970) suggested that role conflict
and ambiguity resulted in stress, and that this stress, in turn, resulted in
dissatisfaction, poor performance and generally inappropriate organizational
behavior. Schuler, Aldag, & Brief (1971) also found role conflict and
ambiguity to be related to negative affect-ve states such as dissatisfaction
and stress.

All the recruiter's problems cannot be solveJ by eliminating role



"a"biguity or coanliM.. For example, establishing clear performance criteria
based only on the single criterion of production numbers could push the
recruiter toward malpractice. Such pressure might be reduced by placing more
emphasis on performance criteria associated with being an honest,
ha-d-working soldier.

Shifting Role Emphasis for Recruiters and Acceptance of New Measures

Much of the ambiguity in respondents perceptions of current performance
ratings may be related to a newly emerging role for recruiters. Recent
command emphasis on the quality of enlistees and recruiter "ownership" of
enlistees seems to mark the beginning of a shift from the role of the Army
recruiter as a seller to anyone who is willing to buy, to a role as a
personnel recruiter seeking out the best applicants for the jobs
the Army needs to fill. This new emphasis is seen by the respondents
to conflict with the long standing criteria of total contract numbers.
Recruiters report many conflicting demands being placed on them concerning the
number and quality of applicants they should be seeking.

Development of Performance Criteria: Research Needs

Researchers in this area need to be aware of the current flux in
rr ruiting performance criteria if they are to know the limits on their work.
x recruiter who may be extremely successful in accomplishing the performance
criteria as he or she perceives them may not be considered successful in
accomplishing the criteria perceived by the researcher. Because of the
emergence of recruit quality as an essential component of recruiter
performance evaluation, research is needed on the effect of geopolitical and
socioeconomic variables not only on total productivity but also on categories
of productivity.

in the current research, we found that fertility adjustments are
acceptable to most recruiters and station commanders if the adjustments are
sufficiently explained and are done at a small enough level. These
adjustments, however, would almost certainly be better done as adjustrents to
the standards of mission box objectives, rather than as adjustments to
contract performance outcomes. While most recruiters and station comanders
can accept the logic for area fertility adjustments in judging performance,
they were less than enthusiastic about subtracting a DRC correction number
from the number of contracts produced. Any system which reduces the number of
contraCLs a recruiter is credited with, would be perceived as unfair and would
probably lead to decreased motivation.
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THE EFFECTS OF JOB SATISFACTION ON

AIR FORCE ENLISTEE RETENTION

Kenn Finstuen, Ph.D. and Charles N. Weaver, Ph.D.
Manpower and Personnel Division

Air Force Human Resources Laboratory (AFS0)
Brooks AFB, Texas 78235

Abstract

The purpose of this research was to assess the concurrent and predictive
validity of occupational attitudes, as measured by the Air Force Occupational
Attitude Inventory (OAT), in relation to global job satisfaction; reenlistment
intent, and actual reenlistment behavior of first-term enlisted airmen. The
OAT was administered to two samples of airmen consisting of 1,217 personnel in
.1973 and 4,784 personnel in 1975.) Multiple linear regression equations were
developed for each of the two-years for samples based on reenlistment
eligibility (from which two groups were formed: eligible only and

1 eligible-ineligible combined) and on separation classifications (from which
two more groups were formed: voluntary only and voluntary-involuntary

T combined). -- When considered as a set, the OAT items were found to bear a
strong relationship to global job satisfaction, a somewhat lesser relationship
to reenlistment intent, and a moderate, but highly consistent relationship to
reenlistment behavior. These relationships maintained their significance when
the baseline effects of 53 biographical and job-related variables were held
constant in regression analyses. Findings indicated that global job
satisfaction was associated with the following: job challenge, the use of
airman abilities, and feelings of acccmplishment. Reenlistment intent and

a actual reenlistment were most highly associated with satisfaction with pay and
H'4 benefits as compared to civilian jobs, the consideration the Air Force gave

enlistees, removal of irritants, and contributions to the national defense.
Cross-validation of the 1973 and 1975 equations revealed that these
relationships were stable through time. 1 t

I. THE AIR FORCE JOB SATISFACTION RESEARCH PROJECT

Since 1971, a comprehensive program of job satisfaction research has been
conducted by the Manpower and Personnel Division of the Air Force Human
Resources Laboratory. The objective of the program was to investigate the
impact of work-related factors on job satisfaction and career decisions as a
step toward reaching the goal of full utilization and retention of qualified
personnel. The basic elements of this program were to (a) define and measure
the dimensions of job satisfaction, (b) identify problem areas which had the
greatest potential for improvement through job satisfaction research, and (c)
assess the effects of job changes on job satisfaction attitudes and
reenlistment decisions (Gould, 1976, p.5).

The first phase of the job satisfaction research project required that an
inventory be developed to assess the dimensions of job satisfaction in the
work environment of the Air Force (Tuttle & Hazel, 1974). In developing the
inventory, Tuttle, Gould, and Hazel (1975) hypothesized relevant job
satisfaction dimensions and produced a scale for measuring those dimensions.
Gould (1978) validated the hypothesized dimensions, examined the rating scale,
and reduced the iterr pool to a minimum number required to assess the job
attitude domain of the Air Force work cnvironmeit. The resulting inventory,
the United States Air Force Occupational Attitude Inventory (OAT), is composed

Ann
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of three sections. sAýtion 1, General Information, consists of 51 items
concerning Air Force members' biographical background and job-related
information, and attitudes toward reenlistment, global job satisfaction, and
job interest. Section II, Occupational Attitude Information, consists of 200
job satisfaction items, the last 10 of which apply to supervisory work and are
completed only by airmen who supervise others as part of their job. The
satisfaction attitudes of respondents are measured on a 9-point rating scale
ranging from I=extremely dissatisfied to 9=extremely satisfied. Section iII,
Importance of Job Aspects to Career Decisions, contains 35 items representing
the dimensions initially hypothesized in the development of the inventory.
The factors are also rated on a 9-point scale, ranging from l=not important to
9=extremely important.

The OAI has been under development and refinement at various periods for
over 8 years, and represents one of the most comprehensive and carefully
researched job satistaction measures of those commonly in use (Pritchard &
Shaw, 1978). Since its development, the OAT has been used in a number of job
satisfaction studies. Gould (1976) reviewed OAT-related research through
September of 1976 and, since then, OAT-related research has included
examinations of first-term and careerist attitude differences (Edwards, 1978)
and differences among work roles (Finstuen, 1981).

11. PURPOSE AND HYPOTHESES

The purpose of the present study was to provide knowledge of the
concurrent validity of the OAT against global job satisfaction and
reenlistment intent, and to assess the predictive validity of the OAT against
actual reenlistment. Four hypotheses were proposed:

HI: Global job satisfaction, reenlistment intent, and actual reenlistment
rates for first-term airmen will vary as a function of biographical
attributes, job-related information, and occupational affect as
measured by the OAI.

H2: Functional relationships between the OAI and the attitudinal and
behavioral criteria will be found to exist even when the effects due
to biographical and job-related differences are controlled for or
held constant in prediction.

H3: The attitudinal saliency of specific OAI items displaying the highest
degree of association with global job satisfaction, reenlistment
intent, and actual reenlistment will remain stable across time.

H4: Cross-validation of occupational attitude equations developed fox
samples in separate years will result in consistent and significant
predictions of attitudes and reenlistment behavior across time.

III. METHOD
Subjects

An opportunity to examins the concurrent and predictive validity of the
OAT was made available when the instrument was administered in 1973 and 1975
to random samples of enlisted Air Force personnel. Excluding career airmen,
the samples included 1,217 and 4,784 first-term Air Force enlistees
respectively for 1973 and 1975, for whom complete daLa were available.

Criterion Data Sets

Global job satisfaction, reenlistment intent, and actual reenlistment
behavior were used as criteria. Global job satisfaction was assessed with the
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question, "In general, how satLisfied are you with your present job?"
Respcn:cs were made on an 8-point rating scale ranging from l=extremely
dissatisfied to 8=extremely satisfied. Reenlistment intent was measured by
responses to the question "Do you plan to reenlist at the end of your current
enlistment?" asscssed on a 4-point rating scale ranging from l=definitely will
not reenlist to 4=defiiitely will reenlist. And, of course, reenlistment
behavior was determined on the basis of whether an airman actually reenlisted
or not.

While concurrent measures for both g"obal job satisfaction and
reenlistment intent were included in the 1973 and 1975 OAI surveys, it was not
possible to complete the validation until the reenlistment beharior criteria
had matured. In other words, sufficient time had to pass so that a
reenlistment decision point was reached by all airmen in the samples.
Furthermore, analyses were performed separately for airmen who were eligible
to reenlist. This required that airmen who entered the service in 1975 be
tracked for 36 months to the point at which qualitative screening for
reenlistment eligibility could take place.

Reenlistment is one of three types of personnel actions which occur in the
course of an airman's tour of duty. The other two types of actions are losses
and extensions. Each event of these three broad categories is assigned one oa
over 200 three-digit Special Program Designator (SPD) identification codes.
For the purpose of creating meaningful criteria, the SPD codes were classified
on the basis of the type of discharge into voluntary and involuntary
categories. A voluntary loss was defined as a separation initiated by the Air
Force member. Examples of reasons for voluntary separations were to attend an
educational facility, to accept public office, and to join a civilian police
force. An involuntary loss was defined as a separation initiated by the Air
Force. Examples of reasons for involuntary separations are shirking, sexual
perversion, misconduct, and permanent physical disability.

Beyond division on the basis of voluntary-involuntary separation, the
criteria were further classified on the basis of formal reenlistment
eligibility. Eight attitudinal and reenlistment data sets were developed.
For global job satisfaction and reenlistment intent: there were two
categories, each based on eligibility. These are shown as criteria 1-4
below. For actual reenlistment, there were two categories of
voluntary-involuntary separations for each of the two classifications of
reenlistment eligibility. These criteria, 5-8 below, were dichotomousl) coded
I if airmen reenlisted, and zero otherwise. The criterion data sets were:

1. Global job satisfaction: Eligible - Ineligible
2. Global *ob satisfaction: Eligible Only
3. Reenlistment Intent: Eligible - Ineligible
4. Reenlistment Intent: Eligible Only
5. Actual Reenlistment, Eligible - Ineligible, Voluntary and Involuntary
6. Actual Reenlistment: Eligible - Ineligible, Voluntary Only
7. Actual Reenlistment: Eligible Only, Voluntary - Involuntary
8. Actual Reenlistment: Eligible Only, Voluntary Only

Figure 1 displays the combinations of outcomes, discharge types. and
eligibility classifications used for defining criterion data sets 5-8.
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Predictors anc Equations

Two sets of predictors were included in the analyses: 189 non-supervisory

items from Section II of the OAI and 53 pre- and post-enlistment baseline
measures, including 25 biographical ani 28 job-related control variables that

are typically used in recruit selection, classification, and assignment
actions. The biographical variables were Airman Qualifying Examination (AQE)
aptitude scores, race, sex, age, education, marital status, number of
dependents, size of hometown, and the amount of time spent zeading.

Job-related variables were months of total active federal military service
(TAFMS), months on the job, number of subordinates, grade, and 18 occupational
membership categories. Squared terms for aptitude, age, dependents, and
number of people supervised were generated to detect curvilinear relationships
when conducting the regression analyses.

Figure 2 portrays the functional relationships between the dependent and

independent variables. Three kinds of multiple linear regression equations
were developed (Bottenberg & Ward, 1963; Ward & Jennings, 1973). The first,

or full model, equations were composed of pre- and post-enlistment control
variables and the 189 OAI items. The second, or restricted model, equations
were limited to the biographical and job-related variables. The third set cf
equations , also restricted, were based upon the OAI items alone.

RESULTS

Table 1 presents descriptive statistics for the 1973 and 1975 samples
based on the various criterion data set classifications. Both attitudes and

reenlistment rates were somewhat higher for the eligible only
classifications. With the exception of the eligible only-voluntary-
involuntary data sets, attitudes and reenlistment rates appeared similar for
both 1973 and 1975. Overall, some 60 to 70% of the enlisted airmen did not

reenlist.

Table 1
Criteria Development - Means and Standard Deviations for

Global job Satisfaction, Reenlistment Intent, and Actual Reenlistment Rates

Criteria Year Eligible Only Eligible - IneligLible
N Mean S.D. N Mean S.D.

Attitudes

Global Job 1973 961 4.75 2.10 1,217 4.65 2.14
Satisfaction 1975 3,753 4.82 2.11 4,784 4.69 2.15

Reenlistment 1973 961 1.95 .84 1,217 1.91 .84

Intent 1975 3,753 2.29 .99 4,784 2.22 .99
Reealistment Behavior (Percent Retained)

N % N .
Voluntary - 1973 896 33.19 1,131 29.00

Involuntary 1975 2,993 40.83 4,017 30.92
Voluntary Only 1973 835 38.20 965 33.88

1975 2,988 40.90 3,650 34.03
Note. Global job satisfacton was scaled l=extremely dissatisfied to
8=extremely satisfied. Reenlistment intent was scaled ldefinitely will not
reenlist to 4=definitely will reenlist.
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Table 2 presents the multiple correlation results for all criterion data
sets. In support of hypothesis 1, the statistically significant results for

,be full models (A) indicated that all criteria varied as a function of
biographical, job-related, and occupational attitude variables. To determine
the effects of tle OAI item set, the multiple squared correlation coefficients

Table 2
R'gression Analysis and Validation Summary

for Global Job Satisfaccion, Reenlistment Intent, and Retention

Restricted Restricted
Full Models (B) (A) vs (B) Mooels (c)

Criterion Models (A) [OAI Removed] idf1 52 -a [OAI Only]
R2  R2  R2

1973 Survey
Global Job Satisfaction

Eligible-Ineligible .71 .13 189 979 10.02* .67

Eligible Only .76 .17 189 723 9.38* .74

Reenlistment Intent
Eligible-Ineligible .46 .16 189 979 2.85* .41

Eligible Only .51 .19 189 723 2.53* .45

Retention
Eligible-Ineligible

.oluntary-lnvolunrary .34 .15 189 893 1.36* .24

Voluntary Only .37 .14 189 730 1.37* .28
Eligible Only

Voluntary-Involuntary .39 .16 189 723 1.46* .30
Voluntary Only .44 .17 189 597 1.56* .35

1975 Survey

"Global Job Satisfaction
Eligible-Ineligible .60 .09 189 4,546 31.21* .59
Eligible Only .61 .08 189 3,515 25.32* .59

Reenlistment Intent

Eligible-Ineligible .33 .12 189 4,546 7.78* .28

Eligible Only .35 .12 189 3,515 6.55* .30

Retention
Eligible/Ineligible

Voluntary-Involuntary .21 .12 189 3,779 2.33* .13
Voluntary Only .20 .10 189 3,412 2.28* .13

Eligible Only

Voluntary-Involuntary .21 .10 189 2,755 2.15* .16

Voluntary Only .22 .10 189 2,750 2.15* .16

aAll F tests comparing full (A) and restricted (B) models were signiticant* £<

.01.
Note. Ftll models (A) contain OAI, biographical, and job-related variablPs. For

restr.cted models (B) the OAT items have been removed and restricted models tc)
contain cnly OAI attitude scores. All full model (A) and OAI model (L)

coefficients were statistically different from zero, p <.01.
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trotr the full regression models were tested against regression results from
mo,3-1n restricted to biographical and job-zelated variables (8). As shQwn by
the F tpst resultt in Table 2, the removal of the GAI item set from the
mregressffon equations was statistically significant for all criterion data
sets--supporting the second hypothesis concerning OAI relationships With the
criteria in the presence of the biographical and job-related control
vnrriables. These results were interpreted as providing substantive evidence
ter the linkage between the OAI and global job satisfaction, reenlistment
intent, and reenlistment behavior. The last column of Table 2 presents the
sr:arpd multiple correlations for the OA1 equations (C). All coefficients
were significantly different from zero. Prediction of reenlistment behavior
appeared to be somewhat greater in magnitude for eligible airmen than for the
cligible-ineligibile classification. As would be expected, the concurrent
validations of the OAT against attitudes of global job satisfaction and
rpenlistment intent were somewhat higher than the predictive validations
against reenlistment behavior, both for 1973 and for 1975 survey samples.

Specitic Occupational Attitude Item Contributions

The third hypothesis proposed that the attitudinal saliency of specific
OAT items would be similar across years for the separate criterion measures.
The 189 OAT items were consecutively entered into multiple regression
equations using a stepwise technique. Results from the final stepwise
equations were examined to determine the relative predictive efficacy of
individual items. The zero order correlations and the order of entry for the
five mr, t significantl predictive items associated with the criteria are
presented in Table 3. Since prior findings indicate that the eligible only
classifications produce higher correlations, the results are limited to the
eligible only data sets.

Table 3
Criterion Correlations and Order of Entry in Stepwise

Regressions for the lop Five OAI Items

Specific Global Job Reenlistment
Job Satisfaction Satisfaction Intent Retention

Item from OAT 1973 1975 1973 1975 1973 1975
Challenge provided by job .73(1) .65(1)
Way job uses abilities .73(2) .63(2)

Accomplishment feelings .71(3) .63(4)
Amount of interesting work .66(3)
Supv brings out best .41(4)
P.ice of your work .49(5) .45(5)
ray c-mpared with outside .35(5) .35(1) .20(4) .22(1)
-orideration given by A.F. .38(1) .33(2) .23(2) .20(2)
benefits compared to outside .38(2) .33(3) .20(3)
Social position in AF. .24(1)
A.F. removes irritants .3603) .31(5)
Contribution to nat'l defense .32(4) .26(4)

Information on promotions -. 02(3)
Rccreation in community .20k4)
'Pighced Amn Promotion System .18(3)
?c:I:cational opportunities .14(5)
Dar. sets (eligible only) N= 961 3,753 961 3,753 835 2,988
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Thrce major inferences may be drawn from an inspection of the
relatoi _;hip- displayed iii Table 3. First, global job satisfaction appears to

be associated with a different donaln of specific occupational attituaes than
reenlistment intent and behavior. Challenge, use of abilities, accomplishment
feelings, and the pace of the work are common to both 1073 and 1975.
Secondly, reenlistment intent and actual reenlistment behavior appear to be
aligned on three items across all years, viz., pay and benefits, compared to
civilian jobs, and the consideration given airmen by the Air Force. Two other
items align with reenlistment intent across both years were the removal of
irritants and contributions to the national defense. Airmen indicating low
attitude scoreq on these items are more likely to separate than airmen
indicating that they zre satisfied with these issues. Finally, actual
reenlistment behavior also appears to be influenced by social position and
educational opportunities in 1973, shifting toward rc-reation and promotion
concerns in 1975.

Cross-validation of the OAT Equations

The final phase of this research project examined hypothesis 4 concerning
the consistency of the regression equations. Dual cross-validations were
conducted upon all criterion data sets by the application of the 1973 least
squares regression weights to the 1975 data sets, and vice versa. The
resulting coefficients were then assessed against a correlation of zero to
determine if the weights associated with the specific regression equations
were stable enough to produce an acceptable level of prediction in another
sample. Results from all F tests were significant (Ck.<01), and indicated
that the specific occupational attitude effects were consistent across time,
and that the multiple relationships observed in the development samples were
not entirely attributable to the capitalization upon specific sample variance,
but rather were indicative of stable patterns which could be replicated in
other samples.

CONCLUSIONS

The accomplishment of the validation of the OAl with respect to global job
satisfaction, reenlistnent intent, and reenlistment behavior resulted in the
following conclusions.

1. The OAI possessed concurrent validity against expression3 of global
jub satisfaction and reenlistment intent and predictive validity with respect
to actual reenlistment behavior. This validity was demonstrated for the OA1
with and witrout the consideration of baseline effects due to number of
biographical and job-related factors. Cross-validation results further
indicated that these findings were generilizable across time.

2. The major areas of OAT attitudes identified as having important
influences on global job satisfaction were: the challenge provided by one's
job, the way the job uses one's abilities, the amount of interesting work one
does, the feelings of accomplishment one gets from the work, and the pace of
work.

3. The major areas cof OAT attitudes identified as having important
influences on reenlistment intentions were: pay compared with a civilian job,
consideration given by the Air Force, fringe benefits compared with a civilian
job, Air Force efforts to reaove irritants, and contributions :o the national
defense.
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4. The major areas of OAI attitudes identified as having important
influences on actual reenlistment rates were: pay compared with a civilian
job, consideration provided by the Air Force, fringe benefits compared with a

civilian job, social position, promotion concerns, and recreational and

educational opportunities.

5. While the OAI was successfully validated against global job

satisfaction, reenlistment intent, and actual reenlistment behavior, it was
found that Lhe most highly related CAl items were different for global job
satisfaction as compared with reenlistment intent and reenlistment behavior.
Thus, is should be understood that enhancement of global job satisfaction may
not necessarily bring about improvements in reenlistment intent and actual
reenlistment. Likewise, successful efforts in relation to increasing

reenlistment may not impact global job satisfaction concerns of first-term
enlis' ,J airmen.

6. The findings of this study emphasize that post-enlistment

occupational attitudes are important in addition to selection, classification,
and assignment concerns related to global job satisfaction and reenlistment
intent. More importantly, specific areas were shown to influence actual
reenlistment rates. Efforts to enhance retention and limit separations in the

first term could be realized by integrating these specific issues with
curriculum materials for the career advisor, NCO Academy, and enlisted
supervisor and management training programs.
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Freda, Jon S., Hall, Eugene R. & Ford, Larry H., US Navy Training Analysis
and Evaluation Group, Orlando, Florida.

Differential Effectiveness and Efficiency of Individualized Instruc-
tion: II. Major Findings

This paper presents the major findings of the TAEG differential
effectiveness and efficiency study. Multiple regression analyses
indicated significant differences in fleet supervisor ratings for
graduates of individualized varsus conventional instruction. These
differences were related to different kinds of training tasks, but not
to ability levels of graduates. Significant interactions between
method of instruction and type of task, and method of instruction and
ability level were found with respect to school achievement (for both
course completion times and final course grades). The findings are
discussed in terms of their utility for instructional design.
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DIFFERENTIAL EFFECTIVENESS AND EFFICIENCY OF INDIVIDUALIZED INSTRUCTION:
II. MAJOR FINDINGS

Jon S. Freda, Eugene R. Hall, and Larry H. Ford

Training Analysis and Evaluation Group
Orlando, Florida 32813

Individualized instruction has become a controversial issue in military
training. Many individuals in both training and operational settings have
come to believe that individualized instruction (II) is not a desirable or
effective way to train students for operational job assignments. The
widespread belief is that conventional classroom group-paced (GP) methods
result in better trained personnel.

Currently, the U.S. Navy conducts technical training under both II and GP
instructional methods. The principal II methods used are computer managed
instruction (CMI) and self-paced (SP), or instructor managed instruction
(IMI). Because of the potential for reduced student training time, the Navy
plans to individualize still more of its courses. However, in view of
concerns expressed by fleet units, the Chief of Naval Education and Training
(CNET) tasked the Training Analysis and Evaluation Group (TAEG) to conduct a
study to examine the effects of individualized instruction.

PURPOSE

The purpose of the study was to determine if individualized instruction
is more or less effective and/or efficient than conventional instruction, and
further, if these effects differentially relate to:

training individuals of differing ability levels and/or
training different types of tasks.

The present paper presents selected major findings of this study. The
previous paper in this volume (Hall and Freda) presents details of the
methodology employed to conduct this study.

ANALYTICAL STRATEGY

A partial hierarchial regression model was employed to examine the
effects of each set of predictors on the criterion variables (Cohen & Cohen,
1975; Kim & Kohout, 1975). This model allowed a unique partitioning of the
tntal variance of each criterion to be accounted for by each subset of
predictors entered into the regression equation. The use of a multiple
regression approach reflects current methodological approaches used in
investigating aptitude-treatment interactions (Cronbach & Snow, 1977).
Predictor variables were considered statistically significant and relevant if
(1) they met the acceptable level of significance (p <.05) and (2) could
explain a relevant amount of variance on the criterion variable (increment the
multiple R2 by at least 2 percent).
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RESULTS

The results are presented first in order of the training efficiency and
training effectiveness measures. Then, within each of these measures, signifi-
cant predictors (both main effects and interactions) are delineated for each
criterion variable. The results presented below are based on a data analysis
across courses (see table 1). Only statistically significant results are
presented.

Table 1.
Original Sample Size of Graduates by Method of Instruction

Method of Instruction N

Self-Paced (SP) 1487

Computer Managed Instruction (CMI) 823

Individualized (SP + CMI) 2310

Conventional (Group-Paced (GP)) 1696

Total 4006

Training Efficiency Measures

Criterion: Time to Complete the Course

Method of Instruction. II (SP + CMI) graduates completed their courses in a
shorter period of time than CI (GP) graduates. CMI graduates completed their
courses in a shorter period of time than SP graduates (see table 2).

Table 2.

Mean Time to Complete the Course (Contact Hours)

Method of Instruction Mean S.D.1 S.E.M. 2  N

SP 166.35 69.60 1.94 1283

CMI 139.57 88.25 3.11 803

II (SP+CMI) 156.04 82.57 1.81 2086

CI (GP) 195.22 122.05 2.95 1707

1 S.D. = Standard Deviation
2S.E.M. = Standard Error of the Mean
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Ability Level. In general, graduates with higher AFQT percentiles finished
their courses in a shorter period of time than those with lower AFQT percentiles
(see table 3).

Table 3.
Mean Time to Complete the Course (Contact Hours)

AFQT
Percentile Range Mental Category Mean S.D. S.E.M. N

93-99 1 134.64 93.05 6.53 203

65-92 2 178.19 113.29 3.39 1114

49-64 3U 174.11 103.45 2.63 1551

31-48 3L 172.12 91.30 3.23 Boo

21-30 4U 191.73 83.40 14.30 34

10-20 4L 480.00 0.0 0.0 1

Method of Instruction by Ability Level. II graduates in the upper mental
categories finished their courses in a shorter period of time than CI graduates
in the upper mental categories. Both II (SP + CMI) and CI (GP) graduates in
the mid and lower mental categories took about the same amount of time to
complete their courses (see figure 1).

250

Mean Time
to 200

Complete
the Course 0-( SP

(Hours) 150 -. /, -. .

100 CMI "-
"- "

4U 3L 3U1
Mental Category

21-30 31-48 49-64 65-92 93-99
AFQT Percentile Range

Figure 1. Mean Time to Complete the Course by Method of Instruction
and Ability Level (i.e., Mental Category/AFQT Percentile
Range). Mean Data Points Based on Less Than Five Graduates
Are Not Plotted.
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Training Task. In general, more fact tasks were taught in courses
associated-with longer completion times than with shorter completion times.
More category, procedure, and rule tasks were taught in courses associated
with shorter completion times than with longer completion times.

Method of Instruction by Training Task. II graduates had shorter
completion times than CI graduates in courses that taught a smaller percentage
of fact, category, procedure, and rule tasks. Both II and CI graduates took
about the same amount of time to complete courses that taught a greater
percentage of these tasks, excluding fact tasks (see figure 2).

FACT PROCEDURE

300

200 - 0 0--.20-0

100 -
Mean Time . I

to
Complete CATEGORY RULE
the Course CI (GP)

(Hours) 3 0S~300

S200 -0--

100 -0 II (SP + CMI)

I I A I

1-10 11-20 1-50 51-100
Percentage of Task Taught

Figure 2. Mean Time to Complete the Course by Method of Instruction
and Type of Task. There Is Only One Mean Data Point for II
Fact Task

Criterion: Training Costs

Training costs refer to the total training costs to produce one graduate
per course session. Training costs differ by each school, and all the
graduates per school are assigned the same value of total training costs for
that particular school. Thus, total training costs is a course level variable
because each student does not have assigned to him/her a unique training
cost . Rather, the training costs are assigned on a school (course) level.
Therefore, training costs was not entered into the multiple regression model
as a criterion variable due to the lack of variance in training costs within
courses. Regression analyses of derived individual level training costs, as
well as aggregated course level training costs, will be contained in reports
currently being prepared by the TAEG.
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Training Effectiveness Measures

Criterion: End of Course Grades

Method of Instruction. II (SP + CMI) graduates received higher end of
course grades than CI (GP) graduates. SP graduates received higher end of
course grades than CMI graduates (see table 4).

Table 4.
Mean End of Course Grade by Method of Instruction

Method of Instruction Mean S.D. S.E.M. N

SP 90.84 5.51 .23 584

CMi 85.74 8.24 .31 692

II (SP+CMI) 88.08 7.56 .21 1276

CI (GP) 82.10 6.72 .24 768

Ability Level. In general, graduates with higher AFQT percentiles received
higher end of course grades than those with lower AFQT percentiles (see table 5).

Table 5.
Mean End of Course Grade by AFQT Percentile Range and Mental Category

AFQT
Percr)tile Range Mental Category Mean S.D. S.E.M. N

93-99 1 92.78 6.51 .56 135

65-92 2 87.45 7.63 .29 673

49-64 3U 84.55 7.32 .27 737

31-48 3L 83.58 7.63 .37 436

21-30 4U 81.87 7.83 1.71 21

10-20 4L 79.50 0.0 0.0 1

Method of Instruction by Ability Level. II (SP + CMI) graduates with higher
AFQT percentiles received higher end of course grades than CI (GP) graduates
with higher AFQT percentiles. Both II and CI graduates with lower AFQT
percentiles received similar end of course grades. CI graduates with higher
AFQT percentiles received similar end of course grades as CI graduates with
lower AFQT percentiles. For both SP and CMI graduates, AFQT was positively
related to end of course grade. There were no significant differences between
SP and CMI graduates on end of course grades by ability level Csee figure 3).
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Mean End 90 -'
of -0- - _x

Course 0-- X-
Grade 85 - - CMI

80
GP

4L 4U 3L 3U 2 1
Mental Category

10-20 21-30 31-48 49-64 65-92 93-99
AFQT Percentile Range

Figure 3. Mean End of Course Grade by Method of Instruction and
Ability Level (Mental Category/AFQT Percentile Range).
Mean Data Points With Less Than Five Graduates Are
Not Plotted.

Training Task. In general, graduates received higher grades in courses that
taught more category, procedure, and rule tasks, and received lower grades in
courses that taught more fact tasks.

Method of Instruction by Training Task. II graduates received higher grades
than CI graduates in courses that taught a smaller percentage of fact and
category tasks. This difference between II and CI graduates is accentuated
even more in courses that teach a larger percentage of category tasks (see
figure 4).

FACT CATEGORY

Men d-- II (SP + CMI)Mean End

of 85 -0
Course 0 CI (GP)
Grade

80

II . I

1-10 11-20 1-50 51-100

Percentage of Task Taught

Figure 4. Mean End of Course Grade by Method of Instruction and
Type of Training Task. There Is Only One Mean Data Point
for II Fact Tasks.
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Criterion: Training Appraisal System (TAS) Ratings

Method of Instruction. II (SP + CMI) graduates received higher TAS
ratings than CI (GP) graduates. There were no significant differences between
SP and CMI graduates on TAS ratings (see table 6).

Table 6.
Mean TAS Ratings by Method of Instruction

Method of Instruction Mean S.D. S.E.M. N

SP 2.90 .70 .02 899

CMI 2.96 .57 .03 287

II (SP+CMI) 2.91 .67 .02 1186

CI (GP) 2.69 .67 .02 1129

Training Task. In general, graduates who attended courses that taught a
smaller percentage (less than 10 percent) of fact and category tasks received
higher (mean = 2.90) TAS ratings than graduates who were taught a greater
percentage (20-30 percent) of these tasks (mean - 2.70).

DISCUSSION

I] graduates completed their courses in a shorter period of time and
received higher end of course grades and training adequacy ratings than CI
graduates in this study. These differences between II and CI graduates are
also related to different kinds of training tasks and ability levels of the
graduates. These results are discussed in terms of school and fleet
performance measures. School performance criterion measures (end of course
grades, time to complete), revealed significant two-way interactions between
method of instruction, and ability level and training task. In terms of
training efficiency, higher mental category II graduates completed their
courses in less time than higher mental category CI graduates. There were no
significant differences between lower mental category II and CI graduates in
terms of time to complete. With respect to training effectiveness, II
graduates with higher ability levels received higher end of course grades than
CI graduates with higher ability levels. Both II and CI graduates with lower
ability levels received similar end of course grades.

The relationship observed for the I] graduates agrees with the generally
reported finding of general ability measures predicting learning of new
material (Cronbach and Snow, 1977). However, the relationship found for the
CI graduates requires reflection as to its source. It is possible that CI
courses with longer durations unintentionally selected higher mental category
students than CI courses with shorter duration. This selection could have
come about by the ASVAB composite entrance requirements for each CI course
being related to AFQT percerntiles.
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An alternative explanation is that CI provides a less demanding and/or
less controllable environment for the higher ability students. It has been
suggestd that learning depends on general intellectual dvelopment to a greater
degree when active intellectual work is required of the student. Methods of
instruction that reduce the intellectual demand often reduce the differences
between high and low ability students (Cronbach and Snow, 1977). If these
methods are applied to instruction of low ability students over a long period,
many low ability students may equal or excel high ability students in terms of
their mastery of lesson content. This explanation is supported by the facts
that (1) CI graduates cannot control the length of stay within the course, (2)
CI graduates received similar end of couvse grades regardless of mental
category, and (3) CI graduates obtained lower end of course grades when taught
a greater percentage of complex training tasks than II graduates.

For fleet performance criterion measures (TAS ratings), ability level of
the graduates was not related to the training adequacy rating. Overall,
graduates who were taught a smaller percentage of fact and category tasks
received higher TAS ratings than those taught a greater percentage of these
tasks. It is noted that this latter finding is similar to the relationship of
fact tasks with end of course grades, but opposite to the relationship of
category tasks with end of course grades. Apparently, percentage of fact
tasks taught in II and CI courses acts as a reliable indicator of end of
course grades and TAS ratings; whereas, the influence of category tasks may be
more susceptible to interfering factors during training and/or during the time
interval between school graduation and fleet performance rating.

It is also noted that the sex of graduate and geographic locatior of the
school were not significantly related to school or fleet performance measures.

Based on these results, it is suggested that higher ability students
could be tracked into a more individualized instructional environment and
lower ability students be tracked into a more conventional instructional
environment. This suggestion assumes that an experimental setting could be
designed in which a specific course would have conventional (instructor-group
oriented) instruction aspects and individualized (self-pacing) instruction
aspects.

It is also suggested that the *method of instruction" distinction could,
then, be dropped in favor of a training task classification. This training
task classification could be used, for example, to select incoming students
for the individualized or conventional aspects of the course based on ability-
task entrance scores.

CONCLUSIONS

Individualized instru.ction (II) compared favorably to conventional
instruction (CI) with respect to the school and fleet performance measures
used in this study. Ability level of graduates and type of training task
significantly differentiated the school performance differences between II and
CI, but did not interact to facilitate explanation of the differences between
II and CI on fleet performance measures. There were no significant school or
tleet performance differences due to different types of training tasks
presented to different ability levels of graduates. The advantage of
classifying the methods of instruction into different types of training tasks,
then, appears to be one of clarifying the relative amounts of different kinds
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of info.'mation taught in the courses. Also, ability level of grdduates was
not related to fleet 9erformance measures. Thus, the traditional factors
described in the aptiti.le/treatment interaction literature (i.e., ability
level, training task, an' method of instruction) were shown t1 have more
predictive power (i.e., larger number of significant main effects and
intiractions) for school performance measures, but to have less predictive
power for fleet performance measures in this study.
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An Enriched User Oriented Cost and Training Effectiveness
Analysis Methodology

Edward W. Frederickson, Ph.D.
Principal Scientist

Applied Science Associates, Inc.
El Paso, Texas

Applied Science Associates, Inc. has developed and applied a CTEA
methodology that can be used with developing, as well as already fielded,
equipment systems. The methodology is grounded in a thorough front-end-
analysis of the job and training requirements. The products of these
analyses feed not only the cost and effectiveness trade-off analysis but
provide a significant portion of the structure and content for actual course
design. Trainability assessment and training alternative selection become
less significant issues when compared to the ueefulness of the products

rut that are relevant to course development.,

Introduction

The El Paso Office of Applied Science Associates, Inc., has developed
an approach to the conduct of a Cost and Training Effectiveness Analysis
that emphasizes a tborough analysis of a job and its tasks to specify the
functional learning requirements of the training system. The procedures
were developed for formalizing the collection, analysis, and integration
of training systems cost, impact and effectiveness data. The primary pur-
pose of the analysis and integration of training-related data concerns the

0 comparison of the cost and effectiveness of alternative training programs
for meeting pre-defined performance objectives. The secondary purpose of
the analysis is the determination of the trainability of the job performance
requirements under the specific training constraints and conditions.

These two purposes, cost effectiveness and trainability, are common
to most CTEA methodologies. ASA's approach to fulfilling these purposes
differs somewhac in the assessment of training effectiveness, and the de-
termination of trainability. The major proceaural differences lie in the
use of a technique for quantifying training effectiveness, and in the use
of an extended program of instruction (POI) for determining trainability.
These techniques will be briefly covered later, but first the primary pur-
post of this paper will be addressed--the development of products for users
other than the traditional user of CTEA results.

The basis of the ASA approach is a human factors oriented frent end
analysis (FEA) that is conducted with the following additional purposes in
mind:
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1. Training requirements

2. Training system design

3. Training device specification

4. Training management

5. Training course design

6. Training system design (and career development)

7. Training performance assessment

8. Training support plan to include support products

Background

These issues are addressed as a necessary part of the complete CTEA

as carried out following ASA procedures. ASA's CTEA philosophy is that
the validity and completeness of the analytical process is dependent upon
the FEA. If the FEA is thorough, the resulting CTEA decisions objectively
fall out of the analysis and relatively few instrucLional delivery system
decisions have tc be made. Using the augmented CTEA procedures for two Army
systems we found that our analytical process yielded outputs beyond those
usually expected from a CTEA. The procedures emphasize a thorough, detailed
FEA that provides data and information of use by other than the usual CTEA
users, such as course designers, course developers, the training device
system, career development planners, performance evaluation developers,
training managers, cour3e instructors and training support planners.

CTaA requirements were instituted with the introduction of the Life

Cycle System Management Model which guides and controls the conceptualiza-
tion, development and deployment of major materiel systems. As initially

conceptualized, the CTEA procedures addressed the two major purposes. First,
the analysis concerned the comparison of the cost and effectiveness of al-
ternative training programs so that a program could be selected for meeting
defined performance objectives. ASA's CTEA, as do most other approaches,

assumed that the performance objectives, or at least task statements, would
have been previously prepared and available for analysis. This assumption
proved to be not entirely correct and job analysis procedures had to be

added to the CTEA process. The second concern was with the determination
of the trainability of the job performance requirements under the specific

training conditions. It became obvious as we got into the two CTEA projects
that issues in addition to the training conditions impacted trainability in

a way so as to constrain the degrees of freedom in program design and de-
livery options. As a result, a procedure was adopted to identify the con-
straining factors as early as possible in a CTEA project. Doing this keeps

the analyst from wasting time and effort in the pursuit of impossible train-
ing alternatives.
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As we reviewed the procedures for conducting the job analysis and
trainability determination, it was decided that the best way to carry out

the several analyses leading to the evaluation of training alternatives

was to use as complete a description of the training requirements as possi-
ble. To present these requirements we adopted a program of instruction (POI)
format. Actually, more information was to be presented than is usual so

the term "extended PO1" was adopted. The information presented in the ex-

tended POI was generated through several sets of analytical procedures be-

ginning with the specification of tasks. The sets of procedures were de-

signed to meet several process objectives, such as standardization of pro-
cedures, reduction of requirements for personnel time and resources, pro-

"vision of an objective audit trail, quantification of the training alterna-

tives comparisons and establishment and management of a reusable data base.

ASA's CTEA Process

I want to stress that ASA's CTEA process accomplishes the purposes re-

quired in the LCSMMR, as does most other approaches. However, ASA's approach

provides additional products from the analytical procedures that result in

a more integrated and resource efficient training development system.

The various blocks of procedures used in our approach will now be

briefly presented. There are ten major blocks of activities as follows:

1. Preparation of work plan

2. Analysis of missions and functions

3. Selection of tasks for training

4. Analysis of tasks

5. Generation of general course structure

6. Generation of training program alternatives

7. Development of extended POI

8. Analysis of training effectiveness and trainability

9. Analysis of training costs

10. Final trade-off analysis

The first seven sets of activities are preliminary, but absolutely essen-

tial, to the actual conduct of the cost and effectiveness analyses.

The methodology represents an integration of various elements of the

state-of-the-art in instructional technology, course design, and collective

and individual front-end analyses. The first seven sets of activities are

described as preliminary in that they produced the various assumptions, con-

straints, training development materials, decision data and information
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required for the generation of training effectiveness estimates and the
determination of cost differences for the specified training program op-
tions. These seven sets of activities are the key to the ASA CTEA method-
ology. The rationale for our emphasis on the FEA approach draws upon the
purpose of CTEA and its relationship to the materiel system development
process.

The specific nature of a CTEA often is dependent upon the state of
deelopment of the materiel system under study. For conceptual materiel
systems, the lack of performance data will mean that CTEA primarily will
be used to forecast training resource requirements and to indicate poten-
tial problem areas in the training program. In other words, a CTEA begun
early in the materiel development process will identify training issues
that may require special examination during later developmental and opera-
tional testing (DT/OT). As prototypes of the materiel system become avail-
able, CTEA would involve updating and validating cost and resource impact
projections, and analytical investigations of training effectiveness.
Following the field deployment of the materiel system, the emphasis of CTEA
would be on the cost effectiveness of (1) training "fixes" designed to
address training deficiencies, or (2) training modifications designed to
meet an altered threat scenario or to accommodate evolutionary hardware
modifications.

Preparation of Work Plan

Once the status of the LCSMZ for the materiel system has been deter-
mined, all relevant documentation for the system, antecedent and similar
systems are identified and located. This is a very important step for the
CTEA in that the documentation provides a definitive basis from which to
launch the study. As the LCSM process proceeds, additional documentation
and changes to the initial set of materials must be obtained. This mater-
ial is assembled, cataloged for future CTEA activities, and reviewed. The
initial and subsequent sets of documents becomes the first element of the
audit trail. They also provide the beginning list of constraints that must
be dealt with.

The location of equipment and personnel familiar with the equipment
are next determined. This is necessary in order to prepare the detailed
work plan. Interviews with these subject matter experts (SMEs) are sched-
uled as required in the CTEA process. The detailed plan generally follows
the CTEA block diagram of major activities. Forty nine specific steps are
described in the detailed plan to reflect the support requirements, time
schedules, data analyses, and output products.
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Mission and Function Analysis

Concurrently, work can begin on the specification of the initial job
task list. This begins with a review of the documentation to identify the
materiel system missions. Missions are analyzed into functions, which are
major chunks of mission activities usually assigned to specific job posi-
tions. Where job descriptions already exist and MOSs have been designated
for the positions, the mission analysis is often not necessary.

ASA uses systematic sets of procedures for analyzing categories of
functions. The functions are analyzed with the assistance of SMEs who pro-
vide specific responses to questions which pertain to the function being
analyzed. SMEs identify specific actions performed on specific objects.
These responses are subsequently written as task statements. This analysis
process produces the initial set of tasks, which is the second audit trail
item.

Selection of Tasks for Training

Since training time is limited, all job tasks usually cannot be included
in training. Using guidelines from the ISD process, ASA developed a set of
procedures that first selects tasks that should be trained. Then it speci-
fies the level of training that is required. This information has two CTEA
benefits: (1) A rational, objective basis is provided for sElecting tasks
for training; and (2) Information is generated for designing the entire
training system for the MOS, to include resident, unit, refresher, mainte-
nance, and wartime preparatory training requirements. The information for
making these decisions comes from the analysis of the criticality of each
task. Less critical tasks require only the use of simple procedures or gen-
eral skills and thus may not need to be trained. Remaining tasks can be
ordered in terms of the ten criticality dimensions that are used:

1. Learning difficulty

2. Performance difficulty

3. Time delay tolerance

4. Consequences of inadequate performance

5. Immediacy of performance

6. Civilian acquired skills

7. Task importance

8. Frequency of performance

9. Wartime task

10. Task decay rate
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Each item is assessed on a three level scale by SMEs. The responses are
then subjected to logical analysis using a computer routine. Each task is
classified into one of the following categories:

1. Requires certification training

2. Requires qualification training

3. Requires wartime refresher training

4. Can be considered for on the job training

"5. Requires maintenance of proficiency training

6. Can be considered for reduction of training time

7. Can be considered for elimination from training

Analysis of Tasks

The tasks that are selected for training are next reviewed by SMEs who
provide task content and context information. Four sets of information are
obtained--performance standards; unusual job conditions; stimuli that must be
attended to during task performance; and the skills required for performing
the task. The products of this analysis are the performance objectives which
become the terminal learning objectives, the functional learning requirements
and the instructional delivery systems that are appropriate for each task.

Generation of General Course Structure

This analysis requires SMEs to provide inter-task dependency informa-
tion for each task. SMEs identify several tasks that they must know how to
perform before they can carry out a specified task. The entire list of tasks
selected for training is reviewed and 3-5 subordinate tasks are identified
for most of the tasks. There are always several tasks at the bottom of the
hierarchy where only one or two subordinate tasks are designated, and one or
two that fall at the very bottom so have no subordinate tasks. The hierarchy
information is subjected to analysis by a computer routine which provides a
printout presenting the relationships between all tasks and skills.

ASA's approach to the structuring of training programs stems from our
job structure philosophy--that job tasks are accomplished by the application
of skills and the carrying out of simple procedures. Simple procedures can
be carried out by merely following written or verbal instructions. Special
and general skills are acquired through practice and thus must be trained.
General skills are usually already in the behavior repertoire of the general
student population and usually do not need to be trained. Special skills
thus are the primary substance of training programs. Skills are applied
across work tasks so should be taught in the same manner. In ASA's CTEA,
the general course structure is determined through an iterative process
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beginning with the integration of the task and skill hierarchies. Tasks
that require skills, which fall at the bottom of the skill hierarchy, are

placed early in the course structure. As you move through the course struc-
ture, more new skills are introduced. Tasks placed later may include both
skills that have already been taught or have not yet been introduced. The
"new" skills are then trained, and the "old" skills already taught, are
practiced.

The course structure is modified from the ideal according to the spe-

cific constraints that apply at the proponent school. Constraints are
issues that impact the design, delivery and management of a course. These

issues are identified throughout the CTEA study in interviews with school
personnel, TRADOC Systems Management (TSM) personnel, and in the reviews

of antecedent or similar systems training materials. By the time that the

general course structure is generated almost all of the constraints have
been identified. These include the following:

1. Available time and resources

2. Instructors--number and qualifications

3. Facilities

4. Management structure

5. Student population

6. Student load

7. Course content

8. Instructional method philosophy

9. Media and training devices available

Generation of Training Program Alternatives

Once a general course structure has been developed, the next step is

to specify training program alternatives which could be used to accomplish

the training objectives. The variables that can be manipulated include the

instructional delivery system, the training time (peacetime, shortened peace-

time, mobilization time), logistical support, types of simulators, student

characteristics and numbers, facilities, and numbers of instructors. The

actual selection of training alternatives does not involve a free choice of

alternative variables or levels of variables. School philosophies, doctrine,

and local SOPs, in addition to any training structure determined during the

materiel system conceptualization, narrow the list of possible alternatives
to a Telatively small list.

Two approaches can be used to select alternatives. This first is to

identify two extreme levels of a few variables that would have the greatest
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impact on cost and effectiveness estimates and then propose the two extreme
combinations as the alternatives. The second approach would be to select

alternatives that would be most acceptable to the school personnel, under
their constrained conditions, and one or more ideal alternatives that essen-
tially ignore the constraints. The ideal, if it proved to be the most cost/

effective, would be an alternative that the school can plan subsequently to
work towards.

Development of Extended POI

The last preliminary analytical block of activities is the development

of an extended POI. The POI is the primary product of the first seven sets
of CTEA activities. It is one document that provides almost all of the in-

formation needed for course development. It is the course design. It is
designed so it can be used as it is, intact, or taken apart and recombined
to meet individual course developer needs, bias or whatever.

Each page of the POI covers one task. The performance objective is
written out. New and old skills are specified, which reflects the ordered
structure of the entire POI. The Instruction method and delivery medium are
listed. And the instruction-to-practice time relationship is presented.

An extended POI is prepared for each trainang program alternative, wherever
necessary. Quite often different training program alternatives can use the
same POI, since the dimensions determining differences are not all related
to the instructional process. For example, where operational equipment is

to be used that presents a display to the operator, various means can be
used to generate the input signal. The actual stimulus source could be used,
or any of a number of simulators could be used. As far as training the

orerator, however, it would make absolutely no difference how the display
signal is generated, since the student would not see the stimulus source.
But tremendous differences in costs could exist between the possible signal
generators, each of which would be considered a different training program
alternative.

Analysis of Training Effectiveness and Trainability

The POI is used as the primary stimulus for eliciting estimates of

training effectiveness. ASA uses a forecasting approach for obtaining these
estimates. Instructional experts are used as SMEs for estimating the effec-
tiveness of training each task. The SMEs use the POI to provide the set for

their estimates. The general instructions to the SMEs stress that each ele-
ment of the POI must be reviewed and then kept in mind when estimating ef-

fectiveness. Two dependent variables can be used to estimate the utility
of a training program--training time or training effectiveness. One of
these is usually held constant, while the other is allowed to vary. Usually
time is held constant and the effectiveness variable is manipulated by al-

ternating training program variables. In the two Army CTEA projects, we

did just that, held time constant and estimated effectiveness.
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Actually the process is iterative in nature. Several questions are
asked of SMEs. The POI is first presented without training time. Instruc-
tional design experts are asked to indicate how long it would take to train
the task under normal conditions. They then indicate the minimum time for
training under wartime conditions, and also provide a maximum time they
would use if no time constraints are imposed.

The next step is Lo have SMEs estimate the effectiveness of training
each task using all the information on the POI. In our Army projects, effec-
tiveness was defined as the percentage of students that would reach the per-
formance criterion under each time condition for each training alternative.

These effectiveness estimates are used to assess the trainability of

each task. A task is trainable if the required percentage of students can
reach the performance criterion level within the normal time frames to be
established in the training program. By obtaining effectiveness estimates
for each task, decisions can be made subsequently about program modifica-
tions for tasks that do not meet the trainability criterion.

Task criticality dimensions are used to provide a more quantitative

basis for the comparison of total training program effectiveness. Tasks
differ in terms of their training worth. ASA defines training worth in
terms of five of the ten criticality dimensions used to select tasks for
training. These five dimensions were scaled on the basis of the informa-
tion utility they provide for determining the worth of including a task in
a training program. These dimensions and their scale values are:

Worth Value

1. Consequences of inadequate performance .45

2. Task importance .26

3. Time delay tolerance .16

4. Frequency of performance .08

5. Immediacy of performance .05

Each of the three levels of these dimensions are weighted. By multiplying
the worth value by the response weight and by the effectiveness estimate, a
figure of merit value is determined for each training program alternative.
The results of this process are training effectiveness ratings for the pro-
grams, which are then compared by determining the relative effectiveness.

Analvsis of Training Costs

The training cost analysis requires a rather detailed analysis of the
training support requirements for each program. Specific requirements that
are identified are numbers and types of support personnel, the hours they
will be required during the entire course, equipment that must be dedicated
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or borrowed and hours it will be used, materials to directly or indirectly
support the training, facilities to include classrooms, offices, maintenance
shops, quarters, etc. The cost analysis approach that is used is often
termed an incremental cost analysis. Since only relative cost comparisons
are necessary to meet the CTEA purposes, all common costing elements are
identified and eliminated from further consideration. Only those elements
or levels of elements that are unique to a program are subsequently costed.
Two kinds of costs are obtained; exact costs for unique equipment and mater-
ials; and average or scaled costs for personnel and common equipment items
which are taken from cost data bases which are kept current by several agen-
cies.

The total unique costs are determined for training program development,

training program implementation and training program maintenance. These
costs are then combined to provide a figure for a one year period. Next,
life cycle costs for the training program are figured. These figures re-
flect only the cost of the unique training support requirements for each pro-
gram. There is no intent here to provide an absolute cost estimate, since
the purpose of a CTEA is to provide input to the decision of which training
approach should be used. The last step is to determine relative program costs
by forming ratios of cost figures, using one program as the base costing figure.

Final Trade-Off Analysis

The final CTEA step is to compare all program alternatives on both the
relative effectiveness and relative cost figures. Since both effectiveness
and cost data are relative figures and the cost ratios are based upon incre-
mental cost figures, it can be somewhat misleading to combine the two sets
of data into one figure of merit. A total figure would hide information that
would be significant in selecting a program. Since both effectiveness and
cost figures are relative, a tabular display is more appropriate as seen here.

Because of the structure of the POI and the detailed descriptions of
the training support requirements for the different programs, modifications
can readily be made to any program to alter the effectiveness and/or cost
ratings. Any modification to the program would require subsequent changes
to the POI and course structure, but this requires relatively little in the
use of further resource expenditure as compared to the initial program de-
sign. In other words, fine tuning of a program to reduce costs or increase
effectiveness is quite possible, bringing the realistic program towards an
ideal cost/effectiveness level.

In summary, ASA's CTEA heavily emphasizes a detailed analysis of the

job and the requirements for training that job prior to the actual analysis
of the effectiveness and costs of alternative training programs. Informa-
tion and data are generated through seven sets of preliminary activities

-that produce information that is of use to other users in the training de-

vclopment system.
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Frey, Robert L., Jr., US Coast Guard Headquarters, Washington, DC.
(Wed. A.M.)

. Prediction of Boot Camp Attrition: IRT vs. Number-Right Scoring

Item Response Theory (IRT) appears to be the wave of the near

future in testing. Although the IRT literature is voluminous, it seems
that there are, to date, virtually no data on the improvement in
predictive validity frow IRT scoring as compared to number-right
scoring. The US Coast Guard use the Coast Guard Selection Test (CGST)
for enlistment screening. The CGST is a battery of three tests:
verbal ability, arithmetic ability, and mechanical comprehension. A
large sample (ca. 2200) of Coast Guard enlistees was tracked through
boot camp to obtain the criterion data on completion/attrition. For

00 this sample, number-right scoring and IRT scoring were applied to each

of the three subtests of the CGST. Comparisons were made on various
r"4 indices of predictive validity between the two types of scoring.

Implications of the findings for improving military selection pro-
cedures were discussed.
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PREDICTION OF BOOT CAMP ATTRITION: IRT VS. NUMBER-RIGHT SCORING

Robert L. Frey, Jr. Karen Jones
USCG Headquarters USCG Institute

Item Response Theory (IRT) appears to be the wave of the near future in testing.
Although the IRT literature is voluminous, the reported research canparing real-
world predictive validity of IRT scoring vs. number-right scoring seems to be
sparse. In the opinion of the authors, there is now a need for a number of
such comparative studies in different organizations and settings. Only in
this way will we obtain the necessary overview to detemine the practical utility
of IRT scoring.

A detailed discussion of item response theory is not germane to the purpose of
this study. However, Weiss and Davison (1981) present an overview of testing
theories which includes a discussion of IRT research dealing with problems not
resolvable with classical testing theory. Suffice it to say that the major
reason for our keen interest in the IRT scoring of conventional tests is the
expectation that this procedure will result in improved predictive validity.
In brief, we have this expectation because of the superiority of IRT scoring.
IRT scoring provides estimates which are sample invariant and take into account
each test item's characteristic curve. Consequently, IRT scoring results in a
much more accurate estimate of one's ability level on the dimension in question
(e.g., verbal, arithmetic) than number-right scoring. A logical inference, then,
is that IRT scores should demonstrate better predictive validity than number-
right scoring of the same test.

Specifically, this study compared number-right scoring vs. IRT scoring of the
Coast Guard enlistment screening test in the prediction of boot camp attrition.
The test battery used by the Coast Guard for enlistment screening is called the
Coast Guard Selection Test (CGST). The CGST has three subtests. 1) General
Classification Test (GCT), a verbal performance test; 2) Arithmetic (ARI); and
3) Mechanical Comprehension (MECH).

Method and Results

CGST subtest scores were obtained from a sample of 2138 Coast Guard recruits.
Number-right scoring is the only method used for operational purposes. There
were three number-right scores for each person: I) GCT, 2) ARI, and 3) MECH.
The raw scores were converted to Navy Standard Scores using equicentile
calibration with the Navy BTB, Form 6. Navy Standard Scores have a theoretical
mean of 50 and a standard deviation of 10 on an unrestricted population of
service-age youth.

IRT Estimates of Examinee Abllity

IRT estimates of examinees' ability on each of the three tests (GCT, ARI, and
MECH) were obtained using estimates of item parameters and a Bayesian modal
estimate scoring program. The latent trait or item response theory model
selected to define the item characteristic curve or the regression of each
binary-scored multiple choice item on latent ability was Birnbaum's (1Q68)
logistic three parameter model. With this model, the item parameters are:
item discrimination, ai;item difficulty, bl; and item coefficient of guessing or
the lower asymptote, c- (Hambleton and Coot, 1977; Urry, 1977).
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The item parameters were estimated using the computer program ANCILLES. Since
an earlier version of this program is discussed by Urry (1975), the discussion
of the program in this paper will be limited to what is required to enable the
reader to understand how the program was used. The item parameters were
estimated for each of the tests separately. That is, the GCT, ARI, and MECH
were analyzed separately as tests of 50, 35, and 25 items, respectively.
ANCILLES provides the user with the option of the normal ogive or the logistic
model. The logistic model was selected. The item parameters are estimated by
an iterative minimum chi-square procedure in two stages and the user can obtain
item parameters from either or both the stages. In the first stage, the
distribution of ability is represented by corrected raw scores and in the second
stage the distribution of ability is represented by Bayesian modal estimates of
ability. The item parameters used in this investigation were from the
second stage. When the item parameters were estimated, two items (one on GCT
and one on ARI) did not fit the ,iodel and item parameters were not estimated by
ANCILLES. Therefore, these items were omitted from computations in the next
phase.

In this phase of the investigation, estimates of examinee ability were obtained
using the item parameters provided by ANCILLES and a Bayesian modal estimate
scoring program. Apparently, ANCILLES can be modified to provide estimates of
examinee ability in addition to the estimates of item parameters. However,
rather than modifying the program, a separate scoring program was used. Each
test was again analyzed separately and, using the appropriate set of item
parameters estimates, estimates of ability on the GCT, ARI, and MECH for each
examinee were obtained.1

After the completion of recruit training, criterion data were obtained for each
person - - that is whether or not the individual successfully completed recruit
training. Before the predictive validity results are presented, a few descriptive
stctistics on the NSS scores and the IRT scores will be noted.

The NSS statistics were:

GCT - = 55.08 S.D. = 8.49
ARI - 49.60 S.D. = 7.44
MECH- X - 50.37 S.D. = 7.82

The IRT statistics (theta estimates) were:

GCT - X = -0.02 S.D. = 0.83
ARI - Y = 0.04 S.D. = 0.86
MECH- X = -0.06 S.D. = 0.72

The NSS GCT score correlated .9897 with the IRT GCT score. The NSS ARI score
correlated .9786 with the IRT ARI score. The NSS MECH score correlated .9735
with the IRT MECH score.

In order to make interpretation easier, the IRT scores were then transformed to
have the same means and standard deviations as the NSS scores. All subsequent
findings for the IRT scores are based on this converted scale. In spite of the
extremely high correlations between the IRT and NSS scores, however, the variance
of the IRT scores at each NSS score level was not insignificant. The average
standard deviation of the IRT GCT at each NSS level was 1.16. The average
standard deviation of the IRT ARI scores at each MSS level was 1.40. The
average standard deviation of the IRT MECH scores at each NSS level was 1.72.

1The authors wish to acknowledge Thomas A. Warm for his Programminq assistance
which enabled them to use ANCILLES and the Bayesian modal estimate scoring
program.
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Even more noteworthy are the ranges of the IRT scores at each NSS level. The
range of the IRT GCT scores is as large as 9 points at some of the NSS levels.
The range of the IRT ARI scores is as large as 12 points at some of the NSS
levels. The range of the IRT MECH scores is as large as 13 points at some of
the NSS levels. In other words, at some NSS levels, people with the same number-
right scores have IRT scores which differ by as much as 1.66 standard deviations
of the entire sample. This result potentially allows for meaningful differences
when comparing predictive validities.

A number of different analyses were done to compare the predictive validity of
IRT scores vs. NSS scores. In the first analysis, the sample was stratified
into groups based on their mental categories. The groups were: 1) CAT IV
(AFQT score of 10-30), 2) CAT Ill B (AFQT score of 31-48), 3) CAT III A (AFQT
score of 49-64), 4) CAT II and CAT I (AFQT score of 65-99). This was done on
the basis of scores on the GCT+ARI composite. (The GCT+ARI composite is
essentially a basic-skills achievement test.) Using the IRT scores, the results
were as follows for the total sample:

N Attrition Rate
CAT IV 342 19.0%
CAT III B 457 10.1%
CAT III A 522 7.3%
CAT II + I 817 4.4%

Total 2138 8T7I

Using the NSS scores, the results were as follows for the total sample:

N Attrition Rate
CAT IV 335 19.4%
CAT II1 8 425 9.1%
CAT 11 A 509 8.5%
CAT II + I 842 4.3%

-Tol BT --

As can be seen from the above tables, there was practically no difference in
attrition rates using IRT scores vs. NSS scores. The IRT CAT III B and CAT III A
groups do seem to show better differentiation in attrition ratet (10.1% vs., 7.3%)
than do the NSS groups (9.1% vs. 8.5%). Even if this result were to hold up on
a new sample, there would be minimal practical siqnificance, however.
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in the next analysis, the group was again divided by mental categories. The
GCT + ARI MECH composite was used instead of the GCT + ARI composite. The
results for the IRT scores were as follows:

N Attrition Rate
CAT IV 318 18.9%
CAT III B 536 11.6%
CAT III A 171 6.8%
CAT II + I 713 3.4%

Total 2138 8.7%

The results for the NSS scores were as follows:

N Attrition Rate
CAT IV 303 18.8%
CAT Il1 B 543 12.1%
CAT III A 563 6.2Z
CAT I! + I 729 3.8%

Total 2138 -- ---

This time, the results are virtually the same for the IRT scores and the NSS
scores. In this set of data, it seems that IRT scoring does not provide better
predictive validity than number-right scoring when predicting boot camp attrition
as a function of mental categories.

Next, discriminant function analyses were done. In brief, for the two group
case, discriminant function analysis is a multivariate procedure which finds
the one best linear combination of variables to enable the largest Dossible
statistical separation between them. The procedure takes into account the
vector of group mean differences and the correlations amongst the variables in
determining the optimal weights for the linear combination. The hope is that a
prediction equation will be found to make possible siqnificantly more accuracy
than is obtainable from knowledge of the base rates alone. In this case, the two
groups are graduates (91.3%) and attrltees (8.7%) and the variables are GCT,
ARI, and MECH. For the IRT scores, the mean scores were as follows:

MEAN SCORES FOR EACH GROUP

GROUP GCT AR! MECH
GRADUATES 55.5 50.0 50.7
ATTRITEES 50.6 45.8 46.4

As just mentioned, the major interest is in the accuracy of prediction possible
based on the linear discriminant function derived from the analysis. The: first
classification table assumes equal prior probabilities for each group:
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PRZDICTED GROUP (IRT SCORES)

TRUE GROUP GRADUATE ATTRI TEE TOTAL

GRADUATE 1240 713 1953
ATTRITEE 61 124 185

TOTAL 1301 837 2138

In this case, 1364 observations (63.8%) were classified correctly. Obviously,
this is quite undesirable since a blind "hit" rate of 91.3% is possible simply
by classifying everyone as a graduate.

The next table assumes prior probabilities proportional to sample size (91.3%
and 8.7%)

PREDICTED GROUP (IRT SCORES)

TRUE GROUP GRADUATE ATTRITEE TOTAL

GRADUATE 1953 0 1953
ATTRITEE 184 1 185

TOTAL 2137 1 2138

In this case, 1954 cases were correctly classified. Unfcrtunately, the
improvement from the blind "hit" rate is miniscule - one additional observation
correctly classified.

Using the NSS scores, similar classification tables were generated. Assuming
equal prior probabilities generated the following table:

PREDICTED GROUP (NSS SCORES)

TRUE GROUP GRADUATE ATTRITEE TOTAL

GRADUATE 1217 736 1953
ATTRITEE 62 123 i8s

TOTAL 1279 859 2138

In this case, 1340 observations (62.7%) were classified correctly. Once again,
this is much worse than the blind "hit" rate.



The next table assumes prior probabilities proportional to sample size
(91.3% and 8.7%).

PREDICTED GROUP (NSS SCORES)

TRUE GRO)UP GRADUATE ATIRITEE TOTAL

GRADUATE 1953 0 1953
ATTRITEE 185 0 185

TOTAL 2138 0 2138

Unfortunately, the results are exactly the same as the blind "hit" rate.

In summary, the discriminant function analyses showed little value for improving
classification accuracy for both the IRT scores and the NSS scores. A major
factor is that the proportion for the graduation group is so high (91.31) that
it is virtually impossible for any statistical technique to improve upon base
rate prediction.

In the final statistical procedure, both graduation/attrition and ethnic group
(minority/majority) were taken into account. In other words, a crossed factorial
design was used. The two factors were Ethnic Group (G) and Attrition (A) -- a
2 X 2 factorial. Schematically, the four groups with the cell Ns were:

Graduates Attri tees

Mi nority 42 1
I-------I----I

Majority 1678 I 142 1

The attrition rate for minorities was 13.5% and the attrition rate for the
majority was 7.R%. The three dependent variables once again were GCT, ARI, and
MECH. Specifically, this procedure was a non-orthogonal multivariate analysis
of viriance. It can also be thought of as a combination of factorial design and
discriminant function analysis. Using the IRT scores, the means for the design
were:

GCT ARI MECH

MINORITY GRADUATES 50.4 46.3 4S.8
MINORITY ATTRITEES 46.2 42.4 41.Q
MAJORITY GRADUATES 56.3 50.5 51.5
MAJORITY ATTRITEES S2.0 46.8 47.8

In this design, the test of the G X A interaction is a test for differential
validity. That is, within each ethnic1 group, are the mean differences between
graduates and attritees the same.



(Since the factorial design was non-orthogonal, the confounding effects of G
and A were partialled out of the test for G X A.)

The multivariate F for the G X A interaction, was 0.018, p < .997. This strongly
indicates that there is no evidence whatsoever of differential validity. Of
course this is virtually self-evident from the pattern of cell means.

Next, the test of the A factor (attrition) was done, partialling out the
confounding effect of the G factor (ethnic group). The multivariate F for the
A factor was 24.02, p < .001, R = .181. The standardized discriminant function
coefficients and the discriminant loadings (or structure coefficients) for the
A factor were:

COEFFFICIENTS LOADINGS

GCT .385 .800
ARI .406 .792
MECH .485 .764

The coefficients are the weights applied to the standardized dependent variables
to compute the discriminant scores. The loadings are the correlations of the
dependent variables with the discriminant scores. The coefficients indicate
the relative contribution of each variable to the statistical discrimination
between the graduation and attrition groups. The loadings are used (as in
factor analysis) to determine the underlying dimensionality of the discriminant
function.

Since coefficients and loadings are subject to large sampling variability, any
conclusions should be tentative, however. The coefficients indicate that the
MECH test probably has a slightly larger relative contribution to distinguishing
the graduates and attritees than do the GCT and ARI. The loadings seem to
indicate that all three dimensions (verbal, arithmetic, mechanical comprehension)
are required to define the discriminant function.

The test of the G factor (ethnic group) was done, partialling out the confounding
effect of the A factor (attrition). The multivariate F for the G factor was
72.77, p < .001, R = 305. The coefficients and loadings for the G factor were:

COEFFICIENTS LOADINGS

GCT .459 .791
ARI .177 .650
MECH .616 .847

The coefficients seem to indicate that the MECH test has the largest relative
contribution to distinguishina between the minority group and the majority
qroup, and further, that the ARI has almost no relative contribution.

Turning to the NSS scores, the same set of analyses were run - - G X A, G, A.
The results were virtually the same. The multivariate F for the A factor
(attrition) was 20.76, p < .001, P = .16Q. In other words, the difference in R
values between the IRT scores and the NSS scores for attrition was .181 - .169
= .212. Hneedless to say, the diffference is miniscule.
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Discussion

To review briefly, a number of Lomparisons were made between IRT scores and
number-right scores as predictors of boot camp attrition. The analyses included
mental category X attrition tables, discriminant function analysis, and two-
factor multivariate analysis of variance.

Tkere seems to be no doubt that in the case of this sample of USCG recruits,
IRT scoring was no better than number-right scoring for prediction of boot camp
attrition. However, it should be quickly noted that these results definitely
are not an indictment of IRT scoring. First of all, a variable such as boot
camp graduation/attrition is a very crude criterion for prediction from verbal,
arithmetic, and mechanical comprehension ability levels. Also, as mentioned
previously, the attrition rate was only 8.7%. There just isn't much room for
improving upon a base rate prediction accuracy of 91.3% (i.e., simply predict
everyone will graduate).

Another major factor may be the method used to generate the IRT scores. It is
known that Bayesian modal scoring is biased toward the mean just as number-right
scoring is. Consequently, the resultant IRT scores tend to have very high
correlations with number-right scores. Still another factor may be the test
information curves. Unfortunately, CGST test information curves are not yet
available. However, some analyses done on preliminary versions of the CGST
indicate that the test information curves may be flatter than Intended. Tests
with relatively flat information curves also tend to result in IRT scores
with high correlations with number-right scores. Indeed, as noted earlier in
this study, the correlations between the IRT scores and the number-right scores
were extremely high - - .9897, .9786, and .9735.

To repeat our assertion at the beginning, further research of this kind is
needed in many different settings. There just simply is no substitute for real-
world studies in which predictor scores and criterion scores are provided by
real people. This is the only way to determine whether IRT scoring will provide
the true payoff for our organization - - significant improvement in predictive
validity as compared to number-right scoring.
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SOLDIER/MACHINE INTERFACE EVALUATION OF
ARMY DEVELOPMENTPL SYSTEMS

James C. Geddie

Chief, AMSAA Detachment

U.S. A±Lmy Human Engineering Laboratory

• With operations and maintenance costs absorbing more than

80% of the total life cycle cost of a typical Army system, there
is increased emphasis on an effective soldier/machine interface.
The notion of "soldier/machine system" is contrasted with that
of "hardware system" along with implications for testing. The
three categories of data -- human engineering measurements, user
acceptance/opinion data, and human performance data -- are dis-
cussed with a description of collection methods and the role of
each in a soldier/machine system evaluation.N,
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For systems recently fielded by the Army and for those
still in development, it is fairly common for the life cycle

cost projections for a typical system to show only about 20% of

the total cost for the system to be research, development and

acquisition costs. The remaining 80% is absorbed by opera-
tion, maintenance and other support costs. This latter 80% is

heavily weighted with "people costs" to include trainers, oper-
ators, maintainers and others. Thus it is becoming increasingly

apparent to Army planners that greater emphasis on developing

systems which have an effective and efficient soldier/machine
interface -- even at the expense of increasing the up-front
acquisition costs -- promises soldier/machine systems whose

total life cycle cost effectiveness is dramatically enhanced.

Soldier/Machine Systems vs Hardware

This increased emphasis on the soldier/machine interface
has not been a sudden change. Instead it has been a gradual
one coincident with and related to an increased willingness to

think in terms of developing soldier/machine systems rather

than developing separate hardware, training, software, logistic
support, technical documentation and facilities as separate

efforts to be later combined into an effective system. It

should be added at this point that the metamorphosis is by no
means complete. There are many members of the developmental

community who still say "system" when what they really mean is

"hardware".
At first encounter the difference between the two concepts

may seem somewhat superficial, but it has fundamental implica-

tions for the way in which the Army develops new combat systems.

It also has some profound consequences for testing of develop-

mental systems.

During development, the systems approach requires that many

players get into the process right at the beginning. The mat-

eriel developer, the combat developer, the trainer, the logis-

Licidn and several others must participate in defining the goals,

requirements and limitations of the system. Unlike the somewhat
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fragmented approach to development mentioned above, the systems

approach requires that each player participate throughout the

process in a kind of trade-off process. In this process an at-
tempt is made to arrive at a cost-effective means of acquiring

a new combat capability. Among the trade-offs which might, for

example, be negotiated is a choice between (1) a hardware design
which is high in acquisition costs but imposes human performance

and skill requirements which are few and cheap to acquire and
maintain versus (2) a hardware design which is lower in acquisi-

tion costs, but requires human performance and skills which may
be very costly to acquire and to maintain. Based upon the avail-
able cost predictions, the alternative which offered the lowest

life cycle cost could be selected. With only this very brief
and general treatment of the notion of soldier/machine systems

in development, we will proceed to a discussion of the conse-

quences of this approach for testing.

Implications for Testing

Once the focus of attention shifts from "materiel" to
"system", the business of testing and evaluation becomes quite
different from straight materiel testing. In component level
and even subsystem level materiel testing, hardware functions

are exercised in a way in which any human function is assumed

to have a probability of 1.0 of being correctly performed the
first time and every time, regardless of the conditions sur-
rounding the performance. The concern in this type of testing

is nothing more than, "Did the hardware behave as predicted?"
The assumption is explicit that failures due to human error

are not chargeable to the hardware design. An implicit (and

quite questionable) assumption of this approach to development
and testing is that the combination of manpower and training

resources available to the Army when this hardware is fielded
will be capable of meeting whatever human performance require-
ments have been built into the system.

Testing and evaluation conducted under a systems approach
acknowledges the influence of the human operator and his or her

451



performance on total system effectiveness and reliability.

Soldier-in-the-loop testing attempts to exercise the system

using a sample of soldiers who by aptitude, training, experi-

ence, and physical characteristics are typical of those who

will function as part of the system once it is fielded. An

attempt is made to control the variation in this soldier sample

by use of selection criteria and by use of demographic data (6).
Within available test resources, system functions are exercised

over a representative sample of the conditions (terrain, weather,

visibility, etc.) which are anticipated in use of the system in

training and in combat.

In the interest of efficient use of test resources, human

factors testing is frequently done concurrently with testing for

other aspects of system performance. For example, in testing a

:ehicular system, data on critical driving tasks might be col-

lected on the same exercises used to test reliability or dura-

bility of the vehicle.

Human Factors Test Data

Whether human factors data are collected in a separate test

or during testing of some otner aspect of performance, there

are basically three categories of data which will be collected.

These are (1) human engineering measurements, (2) user accept-

ance/opinion data, and (3) human performance data. Each makes

its own unique contribution to the evaluation and will be treated

separately.

Human Engineering Measurements. When the Project Manage-

ment Office or the crime contractor on a given system begins to

plan for human factor-zL testing, human engineering measurements

are usually considered first. During the trade-offs mentioned

earlier in this paper as taking place during establishment of

the goals, requirements and limitations associated with a system,

applicable sections of military standards (2,5) and specifica-

tions will have been cited as design standards to be met. The

requirements document may also specify military handbooks (4)

and other sources of guidance to be used in hardware design.
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In general, human engineering measurements are the data used

to evaluate compliance with these engineering requirements.

The required data may often be collected without participation

of the human component of tho system and may address:

size

weight
lighting level

noise level

crew workspace layout
ingress and egress provisions

temperature

whole body vibration
brightness, ligibility and labelling of displays

placement and force requirements of controls

These are some of the physical measuremezts which might be made

to permit evaluation against design standards and contract spec-

ifications.

User Acceptance/Opinion Data. A second category of test

data collected for a human factors evaluation is used to learn
from test participants, test control personnel, and observers,

characteristics of the system which would not be revealed by
human engineering measurements. While it is generally accepted

that troops will not function effectively with equipment they
dislike or mistrust, a more important purpose for attempting to
tap the user's experience is that the user can sometimes suggest

improvements in hardware design or in operating procedures which

would never be revealed by checking for compliance with specifi-

cations or standards. After an attempt to function with the

hardware and procedures as a total system, the test participants'

insights can be very predictive of the level of acceptance to be

expected from users once the system is fielded. Their insights
may also identify protential problem areas which merit close

scrutiny during 2'nan performance testing.

Generally, uL-r opinion data are collected by means of
questionnaires, structured interviews and voluntary reports.

453



Questionnaires may be administered periodically throughout the

test, with an interview conducted perhaps at or near the end

of testing. Volunteered reports are recorded as they occur.

Human Performance Data. The overall goal of a human fact-

ors engineering program is to ensure the compatibility of (1)

the soldier, (2) the training, (3) the tasks, and (4) the equip-
ment. Having compared the hardware characteristics against

human engineering standards and trained a sample of soldiers

and elicited opinions of the equipment and training, the remain-

ing task in determining whether the human factors engineering

program has met its goal is exercising mission-critical soldier

tasks and collecting and analyzing performance data on those
tasks.

Collaction of this category of data usually begins with a

review of the human performance requirements associated with the

system. If the system contract follows MIL-H-46855B and has

specified contract data item DI-H-7055, Critical Task Ar.nLysis

Report (3,1) as a deliverable data item, this data item is an

ideal place to begin identifying tasks to exercise in collecting

human performance data. Other input to the task selection proc-

ess would include training materials used in training test par-

ticipants, and draft technical and training manuals. The list

cf tasks to be excercised should have as its highest priority

those tasks whose performance represents an outer limit on total
system performance. An example of such a task might be laying

the gun in a tank system.

There are two basic measures used in human performance

testing. One is performance time; the other is error rate.

For each task exercised and measured in the test, both Kinds of

data should be collected on each event. The reason for insist-

ing that both measures be made of each event is that for most

tasks, performance time and error rate can be traded off one

for the other. The set established in the test participant

can radically affect whether he or she emphasizes speed of per-

formance at the expense of accuracy or conversely, accuracy at
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the expense of speed. For some tasks, the trade-off function
itself might be critically important in affecting operational

doctrine for the system.

Analysis of these data should first compare achieved per-
formance against the performance goals established in the system
requirements documents. If the trade-off process mentioned

earlier in establishing system goals, requirements, and limita-
tions has included a thorough treatment of human per-ormeance
requirements, human performance time and error rate criteri. in

the requirements document will serve as test criteria for per-
formance of mission critical tasks. Where no such criteria are

established, the performance data will be used in predicting
system performance. The question of "How good is good enough?"
then gets a post hoc answer, but the answer may be a more reason-
able one with knowledge of currently achieved performance.

Another use -- perhaps a more important one -- for these

data is in identifying areas in which human factors engineering
design improvements have a high payoff potential. If, for exam-

ple, the data show an unexpectedly long performance time for
one of a series of sequentially performed task3, that task would

be identified as a priority candidate for improvement in the hard-
ware associated with the task or the procedures for performing

it. Consideration -ight also be given to automating part or

all of its perfornmAnce.

Soldier/Machine System Evaluation

The botton line for evaluation of a soldier/machine system
has been reached when the evaluator has answered the question,
"So what?", for each test issue. The specifications and stand-
ards against which we compare engineering measurements should

be met. Their criteria have been developed from experience with
many systems, and meeting those criteria improves the probability

of acquiring an effective and efficient soldier/machine system.
However, meeting those requirements does not insure that this
has been achieved, nor does failure to meet one or more of the

criteria insure an unsuccessful system.
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Likewise, the user's evaluation is important. The Army

has demonstrated too many times that a system whose design the

soldiers dislike or distrust has little chance of operational

success. Unfortunately (or maybe it isn't so unfortunate, ex-

cept for testing), there is not a one for one correspondence

between equipment characteristics about which users complain

and equipment characteristics which can be shown to degrade

total system performance. In competitive testing it has also

been observed that soldiers often state a preference for an

equipment design with which their performance is worse than

with a less liked competitor.

The indications from engineering measurements and from

user input are important in a system evaluation. They should

influence the selection of tasks for human performance testing.

Obviously, if an equipment characteristic clearly violates a

human engineering standard or users identify a design character-

istic that they feel significantly degrades performance, these

characteristics merit closer examination. The most direct an-

swer to the botton line question, "So what?", comes from human

performance testing. It is from these data that the evaluator

can learn whether the identified system characteristics signif-

icantly affect total system effectiveness.
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Gilbert, Arthur C. F. & Tulloh, Nancy E., 11S Army Research Institute for

the Behavioral and Social Sciences, Alexandria, Virginia. (Wed. P.M.)

Academic Preparation, Aptitude Measures and Army Officer Ferformance

Earlier exploratory research indicated that officers with different
academic backgrounds (i.e., college majors) performed differently on

0 certain measures of duty performance. The purpose of this research was
to extend the scope of this earlier research by evaluating the effects

Sof academic preparation on the relevant performance measures when the
differences in aptitude are controlled. A sample of officers were
divided into five groups on the basis of the major field of study
pursued as an undergraduate. Comparison was made among these five
groups on several performance measures while using certain measures of
aptitude as covariates. Discussion of the findings and implications of
these findings will be presented.
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ACADEMIC FREPARATION, APTITUDES HEASUIJES AND ARMY OFFICER PERFORMANCE

Arthur C. F. Gilbert, Ph.D.
Nancy E. Tulloh*

US Army Research Institute for the

Bcinavioral and Social Sciences
1

Alexandria, Virginia 22333

Knowledge of the contribution that academic preparation makes to

the performance of Army officers in actual duty performance could lead to
assignment strategies that would enhance officer uzilization and career
progressioa. Earlier rescart-h (Gilbert, Waldkoetter & Castelnovo, 1978)
explored the differences among officers in the Field Artillery branch who
pursued different undergraduate college majors in Officer Basic Course and
on the average Officer Efficiency Report (OER) ratings during the first
year of active duty. The results of that research did not indicate any

statistically significant differences among the different college major
groups on the criterion variables. Subsequent research (Gilbert, 1980)
yielded results that indicated differences among officers with different
academic branches for a sample of officers from all of the :3 Career
Branches on certain aptitude and duty performance measures. Within the
differeat types of branches (i.e., Combat Arms, Combat Support and Combat
V•ervlce Support branches) differeces on certain measures of aptitude and
duty peformance were also obtained. In both of these investigations, the
analysis of variance technique was employed and consequently the effect of
aptitude measures on duty performance was not controlled.

This research extends the scope of these earlier research efforts.
This investigation was designed to evaluate the differences in duty perfor-
mance measures while taking into acount the effect of certain aptitude
measureg predictive of pezfcrmance on these measures. These differences
were evaluated (1) within the total sample of officers in all of the 13

career branches, disregarding the type of career branch to which the
officers were assigned, and (2) within groupings of the careec branches
(i.e., Combat Arms, Combat Support, and Combat Service Support).

METHOD

A sample of officers who completed Officer Basic Course (OBC) and
"who entered on a tour of aclive duty after completion of that course were
used as subjects for this research. Officers were divided into five groups
on the basis of the curriculum that they pursued as undergraduates. These
college major groups were Humanities, Basiness, Engineering, Physical
Science, and Social Science.

*Now with Essex Corporation, Alexandria, Virginia

IThe vlews expressed in this paper are those of the authors and do not
necessarily reflect the view of the US Army Research Institute or the
Department of the Army.
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The criterion measures used consisted of three types. The first
set of criterion measures consisted of measures obtained in Officer Basic
Courses (OBC); these measures were the final course grades obtained for the
course and the peer ratings obtained at the end of the course. The second
set of criterion measures were the ratings obtained on a specially con-
structed Performance Evaluation Form (Gilbert & Grafton, 1976) which was
based on research reported by Helme, Willemin, and Crafton (1971), Fleish-
man (1974), Stogdill (1974) and Willemin (1965). This instrnment yielded
a global measure of duty performance and measures along nine separate
dimensions of Army officer performance. Ratings on each of these dimen-
sions were obtained after 12 to 18 months of duty performance from each
officer's immediate supervisor, from a senior officer who had knowledge of
the officer's performance (but not necessarily the endorsing officer for
Officer Efficiency Report purposes) and from two close associates. These
four ratings were averaged for each of the 10 measures obtained from the
instrument.

The third set of measures consisted of the annual average Officer
Efficiency Report (OER) ratings for each of the first three years of active
duty and the average Officer Efficiency report rating across all three
years.

The aptitude measures used as control variables were obtained from
the Officer Evaluation Battery (OEB). In an earlier research effort the
utility of the Officer Evaluation Battery is presented (Gilbert, 1977).
The three aptitude scales of this instrument are the Combat Leadership
(Cognitive), Technical Managerial (Cognitive), and Career Potential (Cogni-
"tive) scales. The multiple correlations between these three measures and
each of the performance measures are shown in Table 1.

Two sets of separate but parallel analyses were performed for each
of the performance measures. One set of analyses consisted of an analysis
of variance for each measure. The other set of analyses consisted of an
analysis of covariance for each measure using the three Officer Evaluation
Battery aptitude measures as predictors. Only those officers for whom all
three covariates and the relative performance measure were available were
used as subjects in these analyses. These two sets of analyses were
performed for the total sample disregarding career branch. Officers were
then divided as basis of membership in the three pea of career branches:
Combat Arms, Combat Support, and Combat Service ' dport. The performance
of the five groups of majors withia each type career branch was then
compared using the analysis of variance and t analysis of covariance
techniques.

RESULTS AND DISCUSSION

In Table 2 are shown the means of the five college major groups for
t:he total sample on all performance measures and the corresponding F-
ratios indicating the difference among these group means by analysis of
variance. Also, shown in Table 2 are the adjusted group means for the
different performance measures resulting from the analysis of variance
using the three aptitude measures as covariates and the corresponiTh
F-ratios for these analyses.
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Table 1

Multiple Correlations between The Three Aptitude
Measures and Each Performance Measure

Performance Measure Multiple Correlation

Officer Basic Course Grade .40**

Peer Ratings .

Duty Performance .12"*

Combat Leadership .22**

Technical Managerial Leadership .09*

Tactical Knowledge . 23**

Understanding Mission . i0**

Making Decisions .12**

Defining Subordinate Roles .06

Planning and Organizing .07*

Motivating Troops •Ilk*

Logistical Knowledge .13*

Annual OER Rating - 1974 .06*

Annual OER Rating - 1975 -7*

Annual OER Rating - 1976 .05

Weighted Average OER .06*

*Significant at the .05 level.
**Significant at the .01 level.
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Differences were obtained among the five groups of college majors
for the Officer Basic Course final grades using both the analysis of
variance and the analysis of covariance techniques. In both analyses the
differences were significant at the .01 level and the Engineering majors
were favored. Significant differences were obtained among the means of the
five groups for the peer ratings received in Officer Basic Course using the
analysis of variance technique; these differences were significant at the
.01 level and tile Engineering majors were favored on this variable.
However, the results of the analysis of covariance using this measure as
the criterion failed to indicate any differences among the group means.

Results of the analysis of variance and the analysis of covariance
yielded significant differences among the group means for five of the
dimensions of duty performance as measured by the Performance Evaluation
Form at the .01 level. These differences were obtained for Combat Leader-
ship, Technical Managerial Leadership, Tactical Knowledge, Making Deci-
sions, and Logistical Knowledge. Physical Science majors were favored in
the Combat Leadership, Tactical Knowledge, and Making Decisions dimensions.
However, business majors were favored on Technical Managerial and Logis-
tical Knowledge ratings. Use of the analysis of variance technique re-
sulted in a difference among the group means on the Understanding of
Mission dimension at the .05 level on which Business majors were favored
but analysis of covariance failed to show a difference among the five group
means on this dimension.

On Officer Efficiency Report ratings differences were obtained among
the five groups for each year average using both the analysis of variance
and analysis of covariance techniques. The differences among group means
were significant at the .01 level for the 1974 and 1976 annual average
ratings and the .05 for the 1975 annual average rating. Differences among
the group means for the three-year Officer Efficiency Report annual average
at the .05 level. The mean of the Physical Science majors was highest on
all four Officer Efficiency Report indices.

The means and the adjusted means resulting from the analysis of
covariance for the five college major groups in the Combat Arms branches
are shown in Table 3. The analysis of variance did not reveal significance
among the means of the groups for Officer Basic Ccurse final grades but the
results of the analysis of covariance yielded significance at the .01
level. The mean of Engineering majors was slightly higher than that of
Business majors and these two groups were favored over the others on this
variable. The use of either analytic approach failed to reveal differences
for the five college major groups in the Combat Arms for any of the dimen-
sions of the Performance Evaluation Form with the exception of Logistical
Knowledge. On this variable the analysis of variance approach failed
to yield significance but the analysis of covariance yielded significant
differences among the group means at the .05 level; the mean performance of
Business majors was favored. On Officer Efficiency Report measures similar
differences were obtained among the five groups using the analysis of
variance and the analysis of covarlance approaches in the Combat Arms
branches. For the 1974 and 1975 Annual Officer Efficiency Report averages
and for the three year average differences were obtained at the .01 level
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while for the 1976 annual average the differences among group means was
significant only at the .05 level. The means of the Physical Science
majors was favored on all of these indices.

The results of the analysis of variance and for the analysis of covari-
ance is shown in Table 4 for the five college groups in the Combat Support
branches. Results of both the analysis of variance and of analysis of
covariance yielded signflcant differences on Officer Basic Course grades at
the .01 level, and in both analyses, the mean of engineering majors was
favored. On the Combat Leadership and Tactical Knowledge dimensions of the
Performance Evaluation Form, differences were obtained among the means of
the five groups at the .01 level, and in both instances, physical science
majors were favored. Significance was also obtained at the .01 level in
the analysis of variance on the Technical-Managerial Leadership dimension,
and at the .05 level in the analysis of covariance on the Decision-Making
dimension. Engineering majors were favored on the Technical-Managerial
Leadership dimension, and physical science majors were favored on the
Decision-Making dimension. Differences were not obtained among the means
of the five college majors on the four Officer Efficiency Report indices.

The results of the analyses for the five college major groups are
shown in Table 5 for the officers in the Combat Service Support branches.
The difference among the group means on Officer Basic Course final grades
was significant at the .01 level using the analysis of variance approach;
the mean of the Engineering group was highest. However, the results of the
analysis of covariance indicated differences significant at the .05 level
and the adjusted mean of thle Business majors was highest. Results of the
analysis of variance indicated significance among the groups for peer
ratings at the .05 level on which Physical Science majors were favored;
however, the results of the analysis of covariance failed to indicate
differences among the groups on that measure. Analysis of variance results
yielded differences at .05 level for three of the dimensions of the Perfor-
mance Evaluation Form. These differences were obtained for the Combat
Leadership, Tactical Knowledge, and Logistical Knowledge dimensions and
Physical Science majors were favored on all three dimensions. The results
of the analysis of covariance, however, failed to indicate any difference
among the five groups in the Combat Service Support branches on those
measures. Neither the results of the analysis of variance or of the
analysis of covariance indicated any differences among the means of the
five groups on the Officer Efficiency Report annual ratings or for the
three-year average of Officer Efficiency Report ratings.

In summary, Engineering majors received higher Officer Basic Course
grades in the total sample, in the Combat Arms branches and in the Combat
Support branches while Business majors received higher Officer Basic course
grades in the Combat Service Support branches. This may be due to the
relevance of these college curricula to the curricula of the Officer Basic
Courses. Business majors were favored on the Technical Managerial ratings
in the total sample and in the logistical knowledge ratings in the total
sample and in the Combat Arms branches. These results are to be expected
since both dimnnsions are characteristic of staff-managerial functions.
However, Physical Science majors were favored on logistical knowledge
ratings in the Combat Service Supprt branches. Physical Science majors
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received higher tactical knowledge ratings in the total sample, in the
Combat Support and in the Combat Service Support branches and were rated
higher on making decisions in the total sample and in the Combat Support
branches; they also had a higher group mean on the Officer Efficiency
Report (OER) indices in the total sample and in the Combat Arms branches.

The results of this research tend to indicate that certain college
curricula may be more compatable than others with officer duty performance
within the different types of Army career branches. The fact that these
findings are not clear-cut may be due to the fact that the grouping of

branches used did not provide for a homogeneous set of performance require-
ments and that the grouping of college majors were not sufficiently re-
fined. Future research in this area will take those considerations into
account.
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Army Officer Success in the Different Types of Career Branches

The purpose of this research was to evaluate the utility of dif-

ferent measures of potential in Identifying groups of Army officers vho
were defined as being successful Lu different types of career branches.
Several measures of aptitude and motivation were used in the analyses.
Implications of the findings will be presented.
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ARMY OFFICER SUCCESS IN THE DIFFERENT TYPES OF CAREER BRANCHES

Arthur C. F. Gilbert, Ph.D.
Nancy E. Tulloh*

US Army Research Institute for the
Behavioral and Social Sciences 1

Alexandria, Virginia 22333

In previous research, the characteristics of those officers who
received higher final course grades in Officer Basic Courses (OBC) than
would have been predicted on the basis of aptitude measures were explored
(Gilbert, 1980). The results of that research indicated that those offi-
cers displayed a greater interest in becoming an Army officer and a greater
interest in those activities related to success as a combat leader as these
attributes were reflected by the relevant scales of the Officer Evaluation
Battery (OEB). Other research has explored the utility of certain measures
in the prediction of different aspects of duty performance (Gilbert, 1977).
While the research indicated the utility of certain of these measures,
there were certain differences in the utility of these predictors in the
different types of career branches (i.e., Combat Arms, Combat Support, and
Combat Service Support). These research efforts then lead to the question
of whether success in the different types of assignments is related to
different patterns of aptitude, motivation, and ratings on early perfor-
mance on active duty. If so, this information could be used for assignment
purposes to insure that officers are assigned to those duty positions in
which their aptitude and motivation are most fully utilized. This investi-
gation was designed to explore these considerations.

Specifically, the purpose of this research was to explore differences
that might exist among groups of officers who received higher than average
ratings in the different types of career branches. These differences were
evaluated on certain measures of aptitude and motivation as well as perfor-
mance along certain leadership dimensions early in their tour of active
duty. The utility of the variables in differentiating among these groups
of officers was evaluated individually and in certain combinations.

METHOD

A sample of officers who attended Officer Basic Courses (OBC) in
thirteen Army Career Branches and who continued on active duty after
completion of Officer Basic Course were used as subjects in the research.
A weighted average of the Officer Efficiency Reports received by these
officers for the first three years of active duty was computed and an

*Now at Essex Corporation, Alexandria, Virginia.

IThe views expressed in this paper are those of the authors and do
not necessarily reflect the view of the U.S. Army Research Institute or the
Department of the Army.
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average of these weighted averages was obtained. Officers who received a
greater than average weighted average were selected as subjects. This
group was then divided on the basis of membershJp in the th,'ee types of
Career Branches: Combat Arms, Combat Support, and Combat Service Support.
The three groups of officers were then compared on two different types of
measures.

The first set of measures consisted of measures obtained in Officer
Basic Course, and included the Officer Evaluation Battery, final ýourse
grades in Officer Basic Course, and peer ratings received at the end of the
Officer Basic Course. The Officer Evaluation Battery (OEB) reflects
measures of aptitude and motivation in seven scale scores. The predictive
utility of this instrument is discussed in an earlier paper (Gilbert, 1978)
and a brief description of the scales is presented in Figure 1.

The second set of measures consisted of duty performance measures
obtained from a specially constructed Performance Evaluation Form (Gilbert
and Grafton, 1976) which yields a global measure of duty performance and
measures along nine dimensions of duty performance. Ratings on the Perfor-
mance Evaluation Form were obtained after twelve to eighteen months of duty
performance.

The first series of analysis consisted of comparing the means of
the three groups of officers (i.e., Combat Arms, Combat Support, and
Combat Service Support) on each of the available measures. The discrim-
inant analysis technique was used to evaluate the efficacy of all of these
variables in defining group membership. Two other discriminant analy-
ses were performed; one of these analyses used only the Officer Basic
Course measures while the other used only the duty performance measures.

The second series of analyses was performed as an exploratory strategy
to evaluate what the effect on group membership prediction would be if only
two groups of officers were involved (i.e., differentiation between Combat
Arms officers and officers not in the Combat Arms). For this series of
analyses, the subjects in the Combat support and in the Combat Service
Support were combined. Thus, for each of the individual measures, differ-
ences between the mean of officers in the Combat Arms branches a.id the mean
of officers In the other branches were evaluated and a series of discrim-
inant analyses paralleling the three-group design were performed.

RESULTS AND DISCUSSION

The means of the three groups of officers in the three types of Career
Branches are shown in Table 1 for the measures of aptitude and motivation
of the Officer Evaluation Form Battery (OEB). Significant differences
were found among the three groups on three scales of the OEB at the .01
level; these differences were obtained for the Combat Leadership (Cogni-
tive), Technical Managerial (Non-rognitive), and the Career Potential
(Non-cognitive) scaleq. A statistical difference was also obtained among
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SUBIEST DESCRIPTION OF ITEMS

Combat Leadership (Cognitive) Military tactics; practical skills
in a variety of areas ranging from
out-dlor activities to mechanical
and electronic applications.

Technical-Managerial Leadership
(Cognitive) History, politics; culture; mathe-

matics; physical sciences

Career Potential (Cognitive) Technological knowledge relevant
to military requirements.

Combat Leadership (Non-Cognitive) Combat leader qualities, occupa-
tional interests, sports interest,
outdoor interests related to combat
leadership

Technical -Managerial Leadership
(Non-Cognitive) Mathematics and physical sciences

skills and interest; urban or rural
background; scientific interest and
ability; decisive leader qualities;
and verbal-social leadership

Career Potential Clerical-administrative interest,
versus white collar interest, com-
bat interest

Career Intent Intention of making the Army a
career choice

Figure 1. Officer Evaluation Battery (OEB) Subtests and Description of
Items.
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the three groups on the Combat Leadership (Non-cognitive) and on the
Technical-Managerial (Non-cognitive) scales at the .05 level. The mean
scores for officers in the Combat Arms branches were highest on the Combat
Leadership (Cognitive) scale, Technical-Managerial (Cognitive) scale
Combat Leadership (Non-Cognitive) scale and on the Career Potential (Non-
Cognitive) scale. rhe mean performance of that group was lowest on the
Technical-Managerial (Non-Cognitive) scales.

Statistically significant differences were not obtained among the
three groups of officers on the final course grades obtained in Officer
Basic Course. The differences among the three groups means were statis-
tically significant at the .01 level on peer ratings obtained in Officer
Besic Course; officers in the Combat Service Support branches had the
highest mean on this variable.

The ,atings of the three groups of officers on the dimensions of the
Perforuance Evaluation Form are shown in Table 2. Statistically signifi-
cant differences were obtained among the group means on the Combat-Leader-
ship scale and the Tactical Knowledge scales at the .01 level and on the
Technical-Managerial Leadership ratings at the .05 level. The mean ratings
of officers in the Combat Arms group was highest for Combat Leadership and
for the Tactical Knowledge ratings. Officers in the Combat Service Support
branches were favored in the mean ratings on the Technical-Managerial
scale. The discriminant analysis technique used to test the efficacy of
the variables in predicting group membership yielded the classification
data shown in Table 3. The first analysis involving all variables (i.e.
Officer Basic Course measures and measures of on-the-job performance
yielded 73.2 percent correct classification. Use of the Officer Basic
Course variables alone yielded correct classification of 71.6 percent.
The duty performance measures obtained from the Performance Evaluation
Form also yielded an index of correct classification of 69.7 percent.

In the second series of analyses officers in the Combat Support
branches and the Combat Sevice Support branches were combined into one
group and compared with the officers in the Combat Arms groups. In
Table 4, the means for the Combat Arms officers and other officers are
presented for the Officer Basic Course (OBC) measures. The mean for the
Combat Arms group was significantly higher at the .01 level on the Combat
Leadership (Cognitive) and the Corcer Potential (Non-cognitive) scales of
the Officer Evaluation Battery and at the .05 level on the Combat Leader-
ship (Non-cognitive) scale of that instrument. Officers not assigned to
the Combat Arms branches had a significantly higher (.01 level) mean on the
Technical-Managerial (Non-cognitive) scale. The mean of those officers not
in the Combat Arms branches was significantly higher (.01 level) for peer
ratings than was the mean of those officers In the Combat Arms branches.

In Table 5, the means for the two groups of officers on duty perfor-
mance measures are shown. The mean performance of officers in the Combat
Arms branches is higher at the .01 level on combat leadership and tactical
knowledge ratings and at the .05 on the decision making ability ratings.
On the other hand officers who were not in the Combat Arms branches were
favored in terms of mea- rating on the technical managerial dimension.
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Table 3

Three Group Classification

All Variables:

Predicted

Combat
Combat Combat Service

Actual Arms Support Support

Combat Arms 94.4 3.7 1.9

Combat Support 69.8 19.4 10.8

Combat Service Support 30.9 20.6 48.5

Percent of Cases Correctly Classified - 73.2

Officer Basic Course Variables:

Predicted

Combat
Combat Combat Service

Actual Arms Support Support

Combat Arms 97.9 0.7 1.4

Combat Support 79.1 12.2 8.6

Combat Service Support 61.8 11.8 26.5

Percent of Cases Correctly Classified - 71.6

Duty Performance Measures:

Predicted

Combat
Combat Combat Service

Actual Arms Support Support

Combat Arms 96.3 .9 2.8

Combat Support 89.2 2.9 7.9

Combat Service Support 58.8 2.9 38.2

Percent of Cases Correctly Classified - 69.7
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In Table 6 the classification of the two groups of officers using
the discriminant analysis technique is shown. When all of the variables
were employed (i.e., Officer Basic Course measures and measures of duty
performance), 80 percent correct classification resulted. The use of the
Officer Basic Course measures alone resulted in 76.1 percent correct
classification while use of the duty performance dimensions resulted in
73.9 percent correct classification.

The results of this research indicate that officers in the Combat
Arms branches who receive higher than average Officer Efficiency Report
ratings displayed a greater aptitude for success in combat type situations
than did the other officers. This is reflected in their score. on the
Combat Leadership (Cognitive) scale of the Officer Evaluation. However,
officers in the Combat Arms branches also score higher on those aptitudes
necessary for a staff or technical position as measured by the Technical-
Managerial scale of the sace instrument but the differences are not as
pronounced. When these officers were compared to all other officers on
this measure, a statistically significant difference was not obtained. The
group of higher rated officers also displayed a greater interest in a
career as an Army officer as measured by the Career Potential scale of the
Officer Evaluation Battery and interest in those activities related to
success as a combat leader as measured by the Combat Leadership (Non-
Cognitive) scale of this instrument. Interest in activities related to
staff and technical types of activities characterized those officers who
were not in the Combat Arms branches. Officers who received higher than
average Officer Efficiency Report ratings were rated higher than other
officers early in their active duty tour on combat leadership and tactical
knowledge while other officers were rated higher on technical-managerial
leadership.

The measures used in this research were of utility in identifying
officers who received higher than average Officer Efficiency Report ratings
in the Combat Arms from other officers who received higher ratings In other
branches. Future research will be directed toward exploring the relative
merits of the indices used in this exploratory research in differentiating
among officers who are highly rated in more specific officer specialties.
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Table 6

Two Group Classification

All Variables:

Predicted

Combat
Actual Arms Others

Combat Arms 92.3 7.7

others 48.8 51.2

Percent of Cases Correctly Classified - 79.0

Officer Basic Course Variables:

Predicted

Combat

Actual Arms Others

Combat Arms 93.0 7.0

Others 58.9 41.1

Percent of Cases Correctly Classified - 76.0

Duty Performance Measures:

Predicted

Combat

Actual Arms Others

Combat Arms 91.4 8.6

Others 62.3 37.7

Percent of ir-,es Correctly Classaied - 73.9
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USE OF CODAP SYSTEM 80 TASK
MODULES IN OCPATAL • A•N.LYSIS

Doug Goodgame, Ph.D.
Research Specialist
Texas A&M University

The field of occupational analysis benefits from the use of CODAP which
is a computerized approach for processing task inventory data. CODAP is an
acronym for Comprehensive Occupational Data Analysis Programs and produces
printouts which job analysts have found invaluable in understanding and inter-
preting work performed by individuals in a wide range of career fields. The
recent development of CODAP System 80 greatly expands the job analysts' ability
to process task data. The new features of System 80 overcome certain restric-
tions and limitations inherent in the older version of CODAP. One restriction
limits the number of task modules (duty fields) in a study to 26, and once the
task modules are defined and categorized, they can not be changed. CODAPSystem 80 permits wide flexibility in defining the modules for which tasks
are to be grouped. This paper outlines the need to re-examine the process by
which we define duty fields for occupational analysis. Traditional methods
hinder job analysts' ability to make accurate interpretations of data and cause
job analysts to spend work time on unproductive tasks.

CZ

485

• l I I I



USE OF CODAP SYSTEM 80 TASK
MODULES IN OCCUPATIONAL ANALYSIS

Doug Goodgame, Ph.D.
Research Specialist
Texas A&0i University

The field of occupational analysis is now two decades old and has

experienced many changes, developments, and improvements in the quality of
task inventory content and the computer software for processing task inventory
data. Occupational analysis is the official procedure by which all branches
of the US Armed Services collect and analyze job and task information to guide
decision makers in developing traininn, testing and occupational classifica-
tions. The adoption of the task inventory approach by local, state and federal
agencies, power utilities and private corporations is increasing at a rapid
rate. This is because the occupational analysis process meets the requirements
defined by the federal uniform guidelines for conducting job analysis prior to
developing personnel selection exams. Occupational analysis is the most widely
used method for developing job analytic data of all major job analysis methods.

The foundation for occupational analysis was laid in the 1960's through
completion of research studies which contributed to the development of basic
methodologies for collecting and analyzing task inventory data. In 1960.
McCormick and Armerman published their report entitled "Development of Work
Activity Check Lists for Use in Occupational Analysis" and established the
utility in partitioning jobs into task statements for collecting job information

directly from incumbent workers. As a result, the US Air Force, which sponsored
this study, incorporated the list of task activities into a comprehensive job

survey instrument known as a job or task inventory. In tine, task inventories
for many occupational fields grew to contain 400 to 600 tasks thus presenting
to the occupational analyst very large amounts of detailed data for analysis.
Consequently, a wav was needed by which sunnary statistics could be developed
for nroups of tasks known as duty fields. Mayo published a report in 1969

entitled "Three Studies of Job Inventory Procedures: Selecting Duty Categories,
Interviewing, and Sampling." In this study, Mayo evaluated "alternative varia-

tions in categcrization of tasks" and developed recommended duty categories for

groupinq task statements. The report suagested three stable formats for organiz-

ing non-supervisory tasks. These include the work section, work function, and
equivment use f1rats. In recgaros to the work section format, Mayo recommended

tasks be ar'-argud in groups parallel to the work sections of organizational
charts. Acccu,;t'rg and finance r-ay typically be divided into travel, pay
accounts, control, collectinrv and stock funds •ections. Hence tasks could be
grouped accordinq to these sections.

ULsing the ý.;:ork function fo~s-at, an inventory developer should create
grouPings of tasks according to major worip functions such as equipment mainten-

ance. This is mnst ý!spropriate when one riece of equipment such as a helicopter

is the focus of weo-k. Typical duty fields' headings ;hould include inspection,

troubleshooting, adj..sting and reFairing erjuipment items. In this manner, tasks

are orouped because oof some conesive cornmon denorinator relative to work function.

In the equimoent Jse for--at ,co-kers are res;ionsible for maintenance of different

types of eq}iiv"nt n rd !'a-l qre c';',e- oroing taýks under duty titles such

as "•aintaininm .,-),s'', '-cintar•ng intake and exhaust systems" and "main-

tairinirOl die-HE '.e1" .- tip Qzrk of an individual may encompass activities
associated wi+ eve-.! *?3...



The study dtJ nmt address how the number of tasks in a duty field, or a

task :module as it is called in CCCAP System 80, would affect the analysis of

data and the vorl lcd for tne job analysts. Often task inventories are develop-

ed by a group with no responsibility for analyzing data. When this occurs,

problems usually result since a duty field containing a high number of tasks

can present problems in analysis and interpretation for the job analysts.

Typically these problems accrue because the task inventory developer failed

to follow conventional guidelines and grouped tasks under broad duty fields

containing tasks whico in reality represent diverse work sections of an organi-

zation, work functions or equipment use. A review of these duty fields usually

reveals that tasks could be further divided into smaller duty fields bringing
more precision tV the analysis and decreased mental strain to the analyst's

,or -

The followira examrie illustrates the need for revised thinking about
how we group tass' intc dut, fields. Figure I contains a duty field entitled
"Performing Systems Pesign Functions" and reflects the "functional approach"

for categorizinq tasks into duty fields. The study was conducted with all

twenty-six tasks in the one duty field. A close examination of the individual
tasks reveals tht. tasks can be further subdivided into two groups. Figure 2

reveal.-, that one group of tasks relates to the development of system procedures
and sp[ cifications for a proposed system. The second group defines the types

of tas-s in'olved in- w.orking and interacting with programmers and other systems
analysts in designinq a new system. It is apparent that office study and
research to develop the procedures and specifications for a new system requires
a very different set of behaviors than managing and directing other staff
members. The extent to which a systems analyst would perform tasks in either

of the two groups could be determined in the analysis of data in one of two
ways. If the duty field categorization had been defined and titled to reflect
these two groups then the duty level job descriptions would report workers

performance regarding each set of tasks. If all tasks are grouped under one

category then the analyst must work through the task level job description and
locate and separate the different sets of tasks. This is not an enjoyable
process as any job analyst knows.

There is clearly a need for a revised look at how we classify tasks into

duty categories and how this classification affects the work of job analysts

and the accuracy of their analysis. In many cases, task inventory developers
are unaware of the difficulties created by random methodu for categorizing
duties. By using CODAP System 80, we are no longer tied to using one approach
for categorizir9 tasKs and assigning them to duty fields. In fact, it is often

desirable to dev.lon differe~t duty categories based upon planned use of data.

Our work has shcv.n that classification and training each require separate
schemes for assigning tasks to duty fields. As revealed by the example, it is

also desirable to construct duty fields containing tasks representing more ex-

elicit groups of nehavior. This would be helpful in classification where

duty level job descriptions pinpoint the nature of work speciality more pre-

cisely. Such cannot be readily determined using duty fields containing tasks

riepresenting diverse types of behavior, more than one work section, or work

f';nction. In regards to training, curricula for a training program are often

divided into training modules that represent various categories of instruction.

Aýproacaes in training evaluation require that each task in an inventory be

assigned to a module in which the training of the module prepares a worker
to oerforr: the task. In this situation, long train1in programs may encompass
a large number of modules and require that tasks be apportioned accordingly.
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i• These are but a few of the situations that demand we take a fresh look
S~at how we define duty categories for task inventories. The work of occupational

-•.: analysts in the 1980's will require more efficient and effective methods for
processing and analyzing task inventory data to meet user needs.



Figure I

DESIGNING SYSTEMS

ADVISE PROGRA0'1ERS AND SYSTEMS ANALYSTS ON DIVISION'S POLICY AND PROCEDURES

FOR DATA PROCEtSING.

ANALYZE AND DETERMINE THE TYPE OF FORMS REQUIRED TO COLLECT DATA.

ANALYZE THE LOGIC FUNCTIONS REQUIRED IN THE SPECIFICATIONS FOR WRITING PROGRAMS.

ASSIGN ANALYSTS TO PREPARE A PROPOSAL FOR PRESENTATION TO A REVIEW BOARD.

ASSIGN PERSONNEL TO PROJECT QUALITY REVIEW BOARDS (QRBS).

ASSIGN PERSONNEL TO PROJECTS.

ASSIGN SYSTEMS AND PROGRAtIING PROJECTS TO DATA PROCESSING SUPPORT TEAMIS.

ASSIGN TASK3 TO PROGRAtIIER.

CONDUCT HARDWARE CAPACITY PLANNING REVIEWS.

DEFINE THE FUNCTIONS TO BE ASSIGNED TO PROGRAMMERS.

DETERMINE THE LEVEL OF PERSONNEL NECESSARY TO DEVELOP THE SYSTEM.

DETERMINE THE TYPES OF EQUIPMENT REQUIRED TO SUPPORT A SYSTEM.

DETERMINE THE TYPES OF PROGRAMS AND ROUTIUES THAT WILL BE REQUIRED TO DEVELOP
A SYSTEM.

DETERMINE TIME ESTIMATES TO COMPLETE TASKS.

DEVELOP WORK SCHEDULES FOR PROJECT.

PARTICIPATE IiN ,tKTHROLUHS AND REVIE'4S OF PROJECTS AND/OR SYSTEMS.

PREPARE WORKPLANS FOR PROJECT.

RE'!IEW A PROPOSED PROJECT ljITH SYSTEt'L ANALYST AND USER TO DEFINE THE SCOPE
OF THE PROJECT.

REVIEW AND E,'ALLATE DATA AND INFORMATION COLLECTION PROCEDURES.

REVIEW AND EVALUATE SPECIFICATIONS FOR A POOPOSED SYSTIEl.

REVIEW FINDINGS ',F FEASIBILITY STUDIES TO DETERMINE APPROPRIATE ACTIONS.

REVIEW MANUALS FOR PROPOSED SOFTWARE.

REVIEW PROJECT SCHEDULES AID ESTABLISH PRICRITIES FOR PROJECT START-UPS.

REVIEW PROPOSED zTAN'L, S FCR SOFTWJARE.

REV!EW •"..E. DESEIGN SPECIFICATION TO ASSESS fnEQUACY OF APPROACH.
R VT Elf SYT ý0 rA DI INL"

--- • RE';,EW SYSEI . i[TEI('P'lENT PLAV.S TO DETERMiNE WHAT ADDITIO7AL STAFF AND
RESCURCES ARE ' P'.
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Figure 2

DESIGNING SYSTEMS (PROJECT MANAGEMENT)

ADVISE PROGRAtMllERS AUJD SYSTEMS ANALYSTS ON DIVISION'S POLICY AND PROCEDURES
FOR DATA PROCESSING.

ASSIGN ANALYSTS TO PREPARE A PROrOSAL FOR PERSENTATION TO A REVIEW BOARD.

ASSIGN PERSONNFL TO PROJECT QUALITY REVIEW BOARDS (QRBS).

ASSIGN ::ERSON[NEL TO PROJECTS.

ASSIGN SYSTEMS AND PROGRAMMING PROJECTS TO DATA PROCESSING SUPPORT TEAMS.

ASSIGN TASKS TO PROGRAMMER.

DEFINE THE FUNCTIONS TO BE ASSIGNED TO PROGRAMMERS.

DETERMINE THE LEVEL OF PERSONNEL NECE.S..,RY TO DEVELOP THE SYSTEM.

DETERMINE Ti',E ESTIMlATES TO COMPLETE TASKS.

DE'ELOP WORK SCHEDULES FOR PROJECT.

PARTCIPATE IN ,ALKTHROUGNS AND REVIEWS OF PROJECTS AND/OR SYSTEMS.

REVIEW A PkOPOSFL PROJECT WIITH SYSTEHS ANALYST ANDJ USER TG )EFINE THE SCOPE
OF THE PROJECT.

REVIEW SYSTES:, PDFVELOP.[ENrT PLANS TO DETERtlINE WHAT ADDITIONAL STAFF AND
RESOURCES ARE NECESSARY.

DESIGNING SYSTEtIS (SYSTEM PROCEDURES)

ANALYE ANJD DETERNINE THE TYPF CF FORMS REQUIRED TO COLLECT DATA.

ANA: YZE THE LUIGC FjtNCTIONS REQUIRED IN THE SPECIFICATIONS FOR WRITING PROGRAMS.

.C,.ONDr.'CT hA.D,,A2L CAPACITY PLANfUNG REVIEWS.

DETE,-UNF T'F OF EnIP E., REQU1IRED TO SUPPORT A SYSTEM.

D-.TE, IF",r p, ;2 INES TJJ " W ILL BE REQUIRED TO DEVELOP
S~~A SY5T "

U2E Rl,

PFVII ,, T A";-L C.. 'I- ION PROCEDURES.

' " , " , 'T . .. A I PCPOSLD SYSTELM.

, ,, ; ., : -, 7 -", T"- ET R!, APPROPRIATE ACrIONS.

. ' . ,'i, I ' PROJECT START- P.'FS.

'I . . qI APUPHAC
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Gorman, Steven, Annandale, Virginia. (Wed. A.M.)-

Computerized Optimal Weight Scoring (COWS): A Comparpscn of Three
Procedures

- This paper documents the results of a simulation study comparing
three computerized optimal weight scoring (COWS) procedures based on
item response theory, with conventional scoring. The effect of
the COWS procedures is to differentially weight test items as a func-
tion of examinee ability and the item characteristics. Low ability
examinees are given very low weights on difficult test items, lowering
the effects of guessing, and decreasing test error.
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A MONTE CARLO COMPARISON OF THREE OPTIMAL TEST SCORING PROCEDURES

Steven Gorman
Electronic Data Systems Yattj

Differentially weighting items to improve the psychometric properties of
multiple-choice aptitude or achievement test scores has long been of theoretical

and practical concern. Applications of item weighting procedures which were
empirically developed or based on classical test theory did not generate the
desired psychometric properties (Bejar & Weiss, 1973; Downey, 1976).

Lord (1968) successfully applied item weighting based on the three parameter
logistic model developed by Birnbauny (1968) to the Verbal Scholastic Aptitude
Test (VSAT). The effect of this procedure is to differentially weight test
items as a function of examinee ability on the basis of their item
discriminatory power, difficulty, and susceptibility to guessing. Accordingly,
low ability examinees will be given very low weights on difficult test items,
thus lowering the effects of guessing, and decreasing test error. The use of
optimal item weights eliminates more test score error at low ability ranges,
where guessing on difficult items is more prevalent. Because of the difficulty
(until recently) of accurately estimating these item parameters, and the
computations involved in using lord's procedure, this optimal item weighting
method has not been widely adopted. The accurate estimation of the three
parameters of test items has become commonplace with the development of several
new computer programs, namely LOGIST (Wood, Wingersky, I Lord, 1976), ANICIIES
(Croll A Urry, in preparation) and FIT3IP (Gugel, in preparation). Three
FORTRAN computer programs, VXLIKE, BAZEMODAI, and OWENSTAT have been developed
to estimate ability based on the use of optimal scoring weights.

The present study simulates a live testing situation by introducing item
parameter estimation error. It compares the performance of conventional unit
weight scoring with three optimal item weighting methods using the item
parameters estimated by ANCTILES. The data in this investigation were produced
with a Monte Carlo procedure which generated e. -uminee item responses.

TECHNIQUES INVESTIGATED

The nsychometric claracteristics of test scores for three optimal item weight
scoring procedures, and a unit weighting scoring method were investigated using
three ideqlized types of test distributions.

The three optimal scorinA procedures are based on Birnbaum's three parameter
loszistit model which states 'hqt the probability of a correct response given an
qbility level is:

.. ,. -1 _ r, + exp"-1 .7n.(Q - b.))1-' (1
I "1 1

: ho item lis3riminqtorv nowei. bi is the item difficulty, and c* 1s

the i e'nm o•"'i~innt of •,tess incz.

T0Ž thr,",, ntoimni •ottin.f ctew.i.ureo, an! a 7onvontionnl .c,,ring procedure
in th- ... u4v arre b-.r r in tho followinp rarqagrphs.
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Owen Bayesian Scoring

This method is described in German (1979) and based on Owen (1975). The
method uses the Owen algorithm scoring procedure in a sequential rather than
adcptive mode, in the computer program OWENSTAT.

Bayes Modal Scoring

This procedure is based on the work on Samejima (1969) and assumes that
ability is normally distributed. The ability estimate is the maximum value for:

n
B (o) = ii(@) pui(Q)QujJ) (2)

v i=1

where N(Q) is the normal Gaussian distribution, P i(Q) is the probability of a
correct response to item i given ability 0, and QUi(@) = 1 -pui(@).

Maximum Likelihood Scoring

This procedure, described in lord & Novick (1968), states that the ability
estimate is that value which maximizes I (0) in:

v
nL v(Q) =7-[Pui(@•OYi() (3)

i=1

where I (9) is the maximum likelihood ability estimate.
V"

"he above two scoring equations were solved in the computer programs
BAZEMODAI and ?MAXLIKE by use of a modified Newton-Raphson algorithm.

Z-Score Transformation

This is a conventional unit weighting scoring procedure where:

Z= X-X (4)
S.D.

where X is the examinee's raw test score, X is the average raw test score, S.D.
is the standard deviation of raw scores, and Z is the ability estimate.

METHODOLOGY

Ideal tests were constructed consisting of two levels of item quality, low
(a o 0.8) and high (a. = 1.6). Three test types were developed which varied
the item difficulty (b ) distributions in order to provide maximum test
information (Birnbaun, 16QR) at:

(1) evenly distributpd values over the ability range 9 = -7.5 to +2.5
(rectangular)

(2) midpoints of even-srcd areas of the Gaossian distribution (normal) and

(3' at the ability mean (peaked).

The suscerntihility t o Puessing, c. was set for all test items at .19, a
-easo-iable avearge for a five alternative multiple choice test (based on
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Data were generated in accordance with Biinbaum's (1968) three parameter
logistic model (equation 1) in two parts:

(1) creating examinee responses for the estimation of item
parameters, and

(2) creating examinee responses to all test items with known item
parameters.

When the item parameters are specified, the probability of a correct response
is strictly a function of the simulated examinee's (sims) ability. To generate
dichotomous responses, the probability of a correct response is determined for
the examinee's ability from equation 1. If this probability is greater than or
equal to a random number between 0 and 1, then a correct response is generated,
else an incorrect response is generated. The item parameters for these items
along with items from a separate study (Gorman, 1980) were then estimated by
ANCIOIES based upon the administration of tests of 51 item length to 2000 sims
representing a normal population. These estimated item parameters were used in
the three optimal scoring procedures.

STUDY I

In Study 1, a group of 500 normally distributed sims, generated by the
tLRANDOM computer program (learmonth & lewis, 1973), were administered all
tests. The criterion evaluated in Study 1 was the fidelity coefficient, the
correlation of known ability with ability estimated by each scoring method on
the 20 and 30 item tests. This statistic has been widely used in other testing
research. Samejima (1977) decries the use of this statistic, stating that since
it is a correlation coefficient, it is dependent not only upon the test, but
also upon the specific group of examinees tested. Testing the same aims from a
normally distributed population will hold constant across test scoring methods
the effect of the ability distribution of examinees. It should be demonstrable
that a theoretical test can have a high fidelity coefficient, yet have poorer
psychometric properties as a function of ability than other theoretical tests.

RESUITS

The results of Study 1 are displayed in Table 1. The fidelity coefficients,
the correlations between known and estimated ability, are typically greater for
tests of all types, lengths, and item qualities scored with the optimal scoring
methods. The only exception is with the peaked high item quality tests, where
the corventional scoring pincedure ordered examinees better, ca average, than
with the maximum likelihood procedure. On the low item quality tests, the
ordering of examinees is greatest with the peaked tests. On the high item
quality test, the normal tests ordered examinees best. Note that the 20 item
normal test with higher iten quality scored with any of the optimal scoring
procedures has higher fidelity coefficients than the 30 item conventionally
scored test. Also note that as test length and item quality increase, the
fidelity coefficients of the optimal scorinc procedures become much greater than
those of the conventional method.
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TABLE 1

Correlations between Known Ability and Ability Estimated by Four
Scoring Methods on Three Types of Test Distributions*

20 ITEM TEST

Low a1  High a1

"Test Type R P N R P N
Method
BAZEMODAL 842 891 877 927 906 943
MAXIIKE 859 888 874 926 876 941
OWENSTAT 840 892 875 922 911 939
Z-SCORE 828 888 869 908 904 929

30 ITEM TEST

BAZEMODAI 907 923 923 949 926 954
MAXIIKE 909 921 925 949 891 954
OWENSTAT 905 924 922 944 924 949
Z-SCORE 894 919 918 933 912 938

*Decimals omitted

DISCUSSION

With low item quality, the 20 item peaked test and the 30 item peaked and
normal tests provided the greatest fidelity coefficients, the correlation
between the ability estimates and known ability. With high item quality, the
normal tests have the greatest fidelity coefficient. This follows from item
response theory, which holds that item information becomes more leptokurtic as
item discriminatory power (a.) increases. Thus, since item information is
"additive, a peaked test with low a. values should differentiate examinees over a
much broader range than a peaked test with high ai values.

This study has shown that on this one criterion, the non-rectangular tests
are better average measures of ability. Study 2 wi'l examine two other
psychometric properties of these test scoring methods.

STUDY 2

In Study 2, the sample consisted of 100 sims at each of 11 evenly spaced
ability values on the ability continuum -2.5 to +2.5. The instruments used were
the three types of 30 item tests. These sims provided data to compute
statistics as a function of examinee ability. The criteria evaluateei are sc7ore
bias and test score precision. Test score bias is the average difference
between th9 knocn examinee ability and the ability estimated by each scoring
method. Test score precision is given by the test score information value, an
inJicator of the usefulness of the test scores for lifferentiating ability at
that ability ½Pvel. Test score informiation is inversely related to the square
of the standard eTroZ of the abilitv estim.te, nnd varbes an a function of
ability.
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RESULTS

The mean difference between knowL ability and the ability estimated by the
four procedures was computed for the 100 sims at each of the 11 ability levels.
For ease of comparison, these data were aggregated by computing an average of
the absolute values of the 11 score bias figures. These values are located in
Table 2. The data show that the bias is lower (excepting the Bayes modal scored
peaked test of low item quality) for all optimal scoring methods for all test
types and levels of item quality than with conventional scoring. The bias is
most severe with the peaked test, and this bias increases with higher item
discriminatory power.

TABLE 2

Average Absolute Value of Score Bias for Ability Estimated
by Pour Scoring Methods on Three Types of Test Distributions*

Low a± High ai

Test Type R P N R P N
Method
BAZEMODAL 18 27 18 13 38 14
MAXLIKE 11 17 09 12 25 12
OWENSTAT 1i 17 10 15 30 14
Z-SCORE 20 26 21 13 44 22

*Decimals emitted

Two criteria need to be measured when evaluating test score precision. One
is the average precision (computed by estimated test score information), and the
other is the equiprecision over the ability range. Since the items for all
types of test distributions have the same item discriminatory power and
susceptibility to guessing, all tests share identical potential test score
information. The test score information could only be measured over the range
-2.0 to +2.0 with this research design, thus some of the test score information
for the non-peaked tests is not measured. Therefore, average precision, listed
in Table 3, shou'i only be reviewed within test types. For the tests consisting
of items with low item discriminatory power, all socring procedures yielded
roughly the same average information. However, with the tests of higher quality
items, the optimal scoring procedures provided greatez information than with
conventional scoring, ex.iept with the peaked test.

TABLE 7

Average Test Score information for Wour Scoring
Methods on Thre,• Types of Test Distributions

Low a, Nigh a
1 1

Test Tyl;;, R N P N
Method
RBA7MODAT t.47 5.64 4.9q 9.95 10.72 12.47
MA.LTYE 4.3, S-A 6 . 0.62 11.04 12.61
1WH:JS.AT 4.4q 757 4.97 9.•2 10.45 12.08

"4.16 5;.7 4.q6 7.44 12.09 10.25
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The equiprecision of the tests by scoring method is measured by the
coefficient of variation (CV) of test score information, listed in Table 4. The
greater this CV value, the less equiprecise the test score information. The
peaked tests provide the greatest CV values, with the optimal scoring procedures
yielding greater values than with conventional scoring. The peakedness of
information increases, as expected, with the higher item discriminatory power
items. The rectangular tests give more even test score precision, with this
phenomenon more evident on the higher item discriminatory power test. Although
the conventional scoring of the rectangular high item quality test has lower CV
values than with optimal scoring, the three optimal scoring methods all yielded
greater information at all nine ability levels than with conventional scoring.

TABLE 4

Coefficient of Variation of Test Score Information for Four
Scoring Methods on Three Types of Test Distributions

Low a. High a.1 1

Test Type R P N R P I

:• Method
BAZEMODAL 24 59 25 29 123 53
MAXLIKE 25 6) 28 18 136 53
OWENSTAT 27 60 24 22 128 49
Z-SCORE 29 52 36 16 94 52

DISCUSSION

These optimal scoring procedures weight items as a function of their item
information (Birnbaum, 1968), the contribution of each item to decrease test
score error at each ability level. The item information is a function of the
item's a, b., and c. parameters. Since the a. and c. values are fixed in each
test, the full capacity of these scoring procedures is not being demonstrated.
Both studies only show the capacity of these procedures to effectively weight
items as a function of their appropriateness in difficulty relative to the
examinee's ability, not their capacity to weight items as item discriminatory
power and item coefficient of guessing vary. In spite of this shortcoming, the
optimal scoring procedures show a significant increase in their ability to
successfully order the ability of examinees relative to the conventional scoring
procedure. The optimal scoring procedures also measure examinees with more
precision and less bias than the conventional means.

This study also assumes that the multiple choice test has five response
alternatives. For tests with only four item choices, or where the chance of
successful guessing is greater that .15, the scoring properties would tend to
diminish. The optimal scoring procedure properties would likely diminish
slightly, while the conventional scorin, properties would drop more
significantly. This is due to the optimal weighting procedures capacity to
diminish the effect of test score error due to guessing, while conventional
scoring procedures are less capable of reducino the effects of guessing.
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CONCLUSION

In this Monte Carlo study, three optimal test scoring procedures using
estimated item parameters provided better psychometric properties of ability
estimates than the conventional procedure. The optimal scoring procedures
provided the greatest advantage over conventional scoring on rectangular tests
composed of items with high discriminatory power. Test publishers should
seriously consider using one of these optimal methods to score their multiple
choice examinations. With the ready availability of computer programs to
estimate item parameters and optimally score tests, the benefits of enhanced
measurement of ability should outweigh the slight increase in computer costs.
This study also showed that the fidelity coefficient criterion is only a group
psychometric indicator, and does not show the capacity of the test to measure
low and high ability examinees. This criterion should be used with caution to
avoid making erroneous conclusions.
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AIR FORCE CIVILIAN PROMOTION APPRAISAL SYSTEM DEVELOPMENT

R. Bruce Gould, PhD

Chief, Performance Evaluation Section
Air Force Human Resources Laboratory

A system for ranking civilian promotion eligibles was
developed to meet legal and operational requirements.
Demographic data and supervisor and peer ratings were
obtained on a 20,000 case target sample to establish a
pool of potential ranking elements. Variable reduction
procedures eliminated those elements which were
redundant, showed greatest potential for adverse impact,
or were less defensible legally or psychometrically. The
remaining variables were submitted to 12-member promotion
data panels for each of 23 homogeneous job family
clusters. Policy capturing techniques resulted in
regression weighted promotion algorithms which use
between 5 and 18 behavioral dimensions, depending on theCjob family and supervisory or nonsupervisory
classification of the job, to rank promotion candidates.
Correlations between promotion panel rankings and
algorithm predicted rankings ranged from :.89 to :.96
indicating consistent panel member policies and high

o interrater agreement. . Separate reliability panels
convened for two job families resulted in correlations of

'.94 to .98 between their rankings and those of the
algorithm development panels.j A single supervisory
rating form and 40 job-type spetifte-alggrithms have been
recommended for operational implementation.

The Air Force Human Resources Laboratory began development of the
Civilian Promotion Appraisal System (CPAS) in July 1977 at the request
of the Directorate of Civilian Personnel. The system was to provide a
rating process for determining promotion potential and rank ordering
all General Schedule (GS) ana Federal Wage Scale promotion eligibles.
The rating system would be the last ranking stage in the Air Force
Promotions Placement and Referral System (PPRS). The earlier stages
screen candidates on basic eligibility, e.g., satisfying minimum
skills, knowledge, and experience requirements established by a job
analysis of each specific vacant position. CPAS was to restore
credibility to the civilian promotion appraisal process, be
operationally efficient, and manage rating inflation.

The research approach was designed to meet constraints set by the user
and was subsequentlj found to meet later constraints imposed on
promotion systems by legal and higher authority directives. In 1978,
the Office of Personnel Management (OPM) directed that promotion
systems only use those aspects of current job performance ratings
which are related to the specific new job in promotion actions.
Public Law 95-454, otherwise known as the Civil Service Reform Act of

[PRVIOUS PAGE
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1978, stated that task-level performance measures must be a basis for
promotion actions. The Equal Employment Opportunity (EEO) ano Uniform
Guidelines for Employee Selection (1978) dealt with adverse impact
issues and specified selection system developmental actions which must
be taken to minimize adverse impact while maximizing validity. These
constraints plus a review of case law (Cascio & Bernardin, 1981)
mandate that the new promotion System must not rely on subjective
measures of workers' affective states, e.g., traits or character-
istics, or must not use overall job performance measures since they
contain performance elements not demonstrated to be associated with
the new job. Likewise, the performance potential measures could not
ask raters to project performances of job aspects which were beyond
those observable in the current jobs.

Legal defensibility of the promotion system was a major goal of the
project. Under the Uniform Guidelines (1978), any system which
results in adverse impact must have fulfilled several developmental
requirements to absolve the user from liability. The probability that
any major selection system will have aoverse impact is sufficiently
high that all such systems should be developed adhering to the
guidelines. To satisfy the guidelines, all possible selection
components must have been considered and systematically selected to
provide a system which maximizes objectivity and validity while
keeping to a minimum elements which will contribute to adverse
impact. Elements showing the least amount of bias must be selected
but not to the point of sacrfcing validity. Where criterion
validity is not available, construct and content validity should be
used to develop the system and criterion valiaation should become an
ongoing process during system use.

This report outlines the procedures used to develop th2 experimental
data collection devices, organize the civilian jobs into a manageable
number ef job families, collect the oata, select the variables for
inclusion in the final promotion system, develop the operational
algorithms or formulas for ranking tandidates, and reconmnenas steps
for managing rating inflation.

Data Collection Instruments

Three experimental data ccllection instruments were developed. The
instruments contained items for research purposes as well as potential

promotion ranking elements. Literature surveys, comparisons of
existing Government and industry rating forms, job analyses conoutteo
in similar military occupations, and experimenter subjective juog0ments
provided the pool ot potentiýl pronotion ranking elements from %hich a
demographic questionnaire anc a rating form were oevelopeo. The 10O
item Demographic Questionnaire captureu traditional demographic
information such as age, sex, and ethnic backgrouno; pronotion,
education, and job training history; time in service, graue, ana
on-the-job measures; and interest in ana attitudes towaro promotion
incentives such as ecucational activities the employee was willing to
.ha"-- isi. *R I oe Ise .-pon Qtiva anC oori
Characteristic Ratinq booklet useu 9-point adj .ectival ancLhoreo rating
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scales to obtain ratings on a wide range of operationally defined
worker job performance measures (skills and knowleages). Also
included were ratings of overall job performance and predicted
performance in the next higher job and scores on paper-and-pencil
measures of verbal, quantitative, mechanical, electrical, and spacial
aptitude. These later measures were included to permit an evaluation
of rater accuracy.

The third instrument was the Civilian Personnel Examinatio--(4CPE)
which was designed to measure the workers' quantitatiye-; verbal,
spacial, mechanical, electrical, and administrative apfitudes. The
CPE was a revised version of the Air Force Qualifying Examination,
Form J (Vitola, Massey, & Wilbourn, 1971). The CPE was not a
candidate component for the promotion system but again provided a
means for assessing rater accuraty and determining the reliability of
"specific skills and knowledge ratings.

Job Family Specifications

To obtain a manageable number of logical and homogeneous clusters of
job types, the some 1,500 Air Force civilian job series were combined
into 23 job families. Eight position classifiers and research
psychologists were divided into two independent panels and instructed
to arrange the 1,500 job series into some 20 homogeneous clusters
based on task subject matter and job requirements. Their results were
then compared and differences resolved. There was near perfect
overlap between their clusters. The joint session resulted in 23 job
family groupings. There were three professional, eight technical,
four administrative, two clerical, and six trades and crafts job
families.

Data Collection

A stratified random sample of 20,000 target workers from the 784 most
populous CONUS bases were selected. The sample was stratified by
grade, series, sex, and ethnic category with 800 to 1,000 cases
representing each of the 23 job families. The sample contained a
greatly overrepresentative number of minority members so that cell
sizes would be adejuate for bias and adverse impact analyses. The
Demographic Questionnaire, with self-addressed envelopes to maintain
privacy, were sent to 20,000 target workers. Each of their super-
visors received a Worker Characteristics Rating Booklet as did one of
each target worker's peers.

Statements outlining the "Research Purposes Only" use of the ratings
and the nature and purpose of the entire research project, and the
efforts of local project monitors are credited with the enthusiastic
support of the participants. Seventy-one percent of the materials
were returned with 65% of the target workers (N = 12,865) having
complete ma+ched and usable data sets. The substantial variance in
the behavioral performance element ratings, constructive write-in
corimients, anr couiplLerie!s 1. the data attest to the support workers
and supervisors gave to the promotion system development effort.
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The CPE was administered to 2,000 of the 20,000 target workers to
obtain aptitude measures for the rater accuracy studies. Worker
characteristics ratings were obtained from peers to aid in these
analyses and provide criterion measures. The rater accuracy results
go beyond the purpose of this paper except to say that supervisors and
peers were very effective in predicting performances on aptitude tests
and there were no significant or practical differences between their
rating effectiveness.

Variable Selection

To reduce the 210 demographic and rating variables to a workable
subset, a large data matrix was constructed for rating each of the
elements on a series of selection criteria. Four basic types of
criteria were used: (1) validity, (2) uniqueness, (3) bias, and (4)
legal defensibility. Correlations of the variables with peer ratings
of overall performance and projected performance at the next higher
levels served as estimates of item validity. Comparisons of mean
values by race and sex category were used to evaluate item bias.
Intercorrelations between items were used to identify items capturing
unique and redundant variance. Thus objective measures of each item's
validity, uniqueness, and bias were available. Subjective ratings of
legal defensibility were made by personnel specialists and research
psychologists knowledgeable in case law.

A panel of eight research psychologists and two personnel specialists
was convened to select the workable subset of variables from the data
matrix. Their goal was to select items which were valid, minimized
bias and hence potential adverse impact, contributed unique variance,
and had not been demonstrated to be legally indefensible. First, all
items which were not legally defensible were deleted. This limited
the pool to observable behaviors and deleted demographic variables
which are highly related to past opportunities and associated with
past discriminations. Then judgments were made to select the final
subset of 24 rating elements. There were three overall ratings (job
performance, supervisory, managerial); 12 behavioral ratings such as
responsiveness to directions, and self-sufficiency; three ability
ratings (quantitative, reading, data interpretation); four motivation
indicators (productivity, initiative, speed of completion, and amount
of working time spent in productive efforts); and two composite
variables which combined behavioral or motivational measures. The
above categories are used for summary purposes only. In the actual
rating elements, only operational definitions are used which aescribe
observable performances which are related to say managerial behavior,
rather than using the words "managerial performance." By this
procedure, individuals who are not managers can still be rated on
observable behaviors which are related to managerial performance.

Promotion Algorithms

Panels of 11 to 12 subject matter specialists (SMSs) were convened for
each of the 23 job families to select the final set of factors to be
used for rating and ranking promotion eligibles in their job family.
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For each panel, stratified random sampling techniques were usec to
balance representatir- by race (Black, Hispanic, other), sex, and
supervisory/nonsuper ory status. Selectees proportionally repre-
sented job series, Jcality, and major commands while meeting minimum
experience and availability requirements.

Each panel's first task was to review and discuss the 24 prospective
rating elements. Then to select a set of 6 to 10 elements which were
observable on-the-job in their job family ana were related to ability
to perform at the next level nonsupervisory job. A second set was
selected for supervisory jobs. Data decks were then produced which
contained only the selected rating elements. The data pertained to
workers in the original 20,000 cases who were members of the specific
job family.

The panel's second task was to sit as a promotion board using
procedures similar to those used by military boards. Members were
given decks of 70 to 80 cases and asked to rank-oraer the cases
according to their promotability or potential to perform in the next
higher-level job. Decks were labeled according to specific grade
level and supervisory/nonsupervisory nature of the canoidate job.
Each member received 9 to 15 data decks to rank order. Wage grade job
families considered only nonsupervisory jobs while the one wage
supervisory family considered only supervisory jobs. This accounts
for the small number of decks considered by some job families.
Unknown to the participants, one duplicate deck was included so
inconsistent raters could be identified. An additional two panels
were convened to replicate, and cross-validate, the results of two of
the job family panels.

Judgment analysis techniques (Christal, 1963) were used to capture the
promotion policy of each individual and the aggregate policy of each
panel. Of 277 SMSs, only two were removed from the analyses because
of inconsistent within-rater policies. Judgment analysis techniques
use the available data elements (6 to 10) as predictors and each
case's rank order as the criterion to obtain regression weights and
multiple Rs. The sum of the regression weights times the respective
ratings ill added to a regression constant yielas each case's
predicted rank. The correlation (R) between the predicted and actual
ranks indicates the efficiency with which a panel's policy was
captured.

Multiple Rs ranged from .89 to .96 indicating the substantial
predictive efficiency with which the regression weights captured each
panel's promotion policy. These values are particularly noteworthy
considering that any inconsistency within raters and oifferences
between panel raters introduces error. There were no within job
family grade-level differences in rating policies, but there were
significant differences between all supervisory and nonsupervisory
rating policies. Forty algorithms were developed, 18 supervisory and
22 nonsupervisory. The two cross-validation panels resulted in
correlations of .94 to .98 between their rankings and those of the
algorithm development panels.
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Regression weights are difficult to interpret or explain to users
promotion candidates, so alternative weighting systems w
investigated. A unit weighting scheme coding raw score weights 1
than .5 as 0" and all other weights as "I* produced virtua
identical results and was adopted for operational use. Some of
rating elements received "0" weights in all algorithms and the nwnl
of operational behavioral dimensions was reduced to 19.

Operational Rating Form

A single universal operational rating form was recommended for use I
all GS and Federal Wage Scale employees. All 19 remaining behavior
dimensions contain operationally defined components which can be rat
for all employees. Operationally, only those dimensions which a
unit weighted will be used in a specific promotion ranking. T
universal form satisfies the user's request for simplicity
eliminating the current multiple forms and removing the necessity f
multiple rating forms for individuals being considered for positio
outside their cur-ent series. As will be explained, the single fo
is a necessary requirement to permit inflation management.

Inflation Management

Four specific recommendations were made to permit inflation managemei
of the ratings. These recommendations concern the rating scalh
rating all individuals in a unit at the same time using a universi
form, providing a separation between job performance and promotic
rating systems, and providing a fe;:dback system. The rating scale i
a 9-point behaviorally anchored scele where the rated individual i
compared to the average employee. The average employee is defined a
being highly effective and motivated in the performance of his/he
job. Ratings using the top or bottom two scale points must b
substantiated by citing specific performance events.

By rating all individuals in a unit simultaneously, raters can mak
better comparisons among subordinates. Each supervisor's ratings at
to be summarized on work sheets and the summaries submitted with thi
ratings to ari indorsing official. Indorsing officials can then checl
for leniency, halo, or response set type rating errors. Further, thl
summaries permit the indorsers to make comparisons across raters an(
ensure that ratings are consistent with each organization unit'!
productivity. Indorsers will be authorized to andate that ratings bi
consistent with actual performance.

The greater the number of uses for a rating, the greater the pressure
on the supervisor to inflate the rating. For this reason the CPAS
ratings are distinct in time and purpose from the job performance
ratings rendered under the General Manager Appraisal System (GMAS) and
Job Performance Appraisal System (JPAS). The GMAS and JPAS purposes
and procedures were presented earlier at this conference (see
Thompson, Cowan, & Guerrieri, 1981). The only relationships between
the systems are that individuals must have at least satisfactory GMAS
and JPAS ratings to be promotion eligible and ability to render
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appropriate CPAS ratings is a component of each supervisor's GMAS or
JPAS rating.

Rating feedback systems usually provide mean summary vwlues for
comparisons with peers and comparing subordinate units rating
policies. Anecdotal information suggests that organizations with
lower mean ratings feel they may have been unfair to their employees
and increase the average of their next ratings. The feedback
information actually increases rather than decreases inflation thus
creating an inflation pump. With CPAS, a feedback system is still
recommended. However, the recommended system provides only variances
in ratings, not mean values. Accompanying guidance will point out
that "the more variance the better." Lack of variance is the result
of poor rating management and inability to differentiate performance
within individuals and between individuals. Inflation reduces score
dispersion hence variance. This variancc yardstick is also to be used
to guide subsequent performance ratings of supervisors. The job
performance rating systels mandated by CSRA-78, and as developed by
the Air Force, required that all supervisors have a critical
supervisory ability job element. Therefore, all supervisors are rated
on their ability to rate. Variance feedback will make supervisors
accountable for their rating styles.

Summary

CPAS developers have attempted to provide the Air Force with a
civilian promotion rating system which is creditable, valid, legally
defensible, and manageable. The system will be implemented by
April 1982 after users and participants have had significant training
on the system goals and mechanics to include training raters how to
rate.
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EXPLORATION OF INSTRUCTIONAL APPLICATION
OF VIDEODISC TECHNOLOGY

IN THE MARINE CORPS

H. William Greenup
Marine Ccrps DevelopmenL and Education Command

Steven Levin
"Interactive Television Company

SUMMARY

SThe Education Center, Marine Corps Development and
Education Command, is experimenting with the instructional
applications of a videodisc-based interactive television

I]') system. Videodisc technology offers the potential for d wide
range of military training applications including archival

C") storage and information retrieval, spatial data management,
tactical mapping, multi-aspect filming, and nonresident
instruction. The Marine Corps, under a contract with
Interactive Television Company, Inc., has produced an initial
disc that presents a tactical map of its combined arms training
area at Twentyniiie Palms, California. This paper discusses the
instructional and technical aspects of videodisc technology
involved in the development of such a program. The authors

r, describe the hardware and programming techniques used in the
production and presentation of interactive instructional
programs which are appropriate to the learner's responses and
needs. They also review some of the ways interactive
television already is being used in education and training and
project future developments in interactive video instruction.',

INTRODUCTION

We may be reaching the productivity limits of our current
training technology. Massive efforts to improve "stand-up"
lectures, printed training materials, and "hands-on" laboratory
experience have begun to yield too few significant returns. We
need revolutionary new techniques that will break through the
constraints imposed by existing training technology and allow
us to beat the current tradeoffs that must be made among costs,
quantity and quality. Videodisc technology is one of the most
promising sources of these new techniques.

Videodisc technology is creating opportunities for new
kinds and forms of training devices at surprisingly low cost.
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At the heart of this technology is the capability to access
tens of thousands of color images, including stereo sound, in
seconds or fractions of seconds. When coupled with the
ubiquitous mizroprocessor, videodisc technology offers new
opportunities for training applications as well as new issues
for the training specialist.

OPTICAL VIDEODISC TECHNOLOGY

A videodisc is similar to an audio record except that each
side of a 12-inch disc contains 30 minutes of television.
Since television is the rapid presentation of pictures at a
rate of 30 images per second, each side of a videodisc contains
54,000 still pictures in color.

The player for a videodisc is much like a turntable except
that under computer control the player can rapidly find any
particular part of the videodisc. Specifically, any one of the
54,000 images, or any part of the 30 minutes of television on a
videodisc, can be located typically in a fraction of a second.
A videodisc provides a combination of moving and still images,
any part of which can be quickly located.

Videodisc are made like audio records using original
materials that can be movies, videotapes, pages of text, tables
of numbers, graphs, charts, maps, drawings, diagrams, or
photographs. From Lhe original materials, a master disc is
produced that in turn is used to "press" rultiple copies
speedily and at low cost.

Three types of viceodiscs and videodisc players are now
available. The players are characterized by the market they
are targeted for: general consumer usage and
industrial/educational applications. Various potential
manufacturers, such as JVC, IBM, Xerox, Zenith, to name a few,
are waiting in the wings, but only six are now marketing
videodisc players.

- Magnavox, a wholly owned subsidiary of Phillips, began
selling a consumer model player for about $800 in
December 1978.

- Discovision (DVA), under license by MCA, began general
sales of an industrial player for about $3,000 in June
1979.

- Thompson-CSF began sales of an industrial player for
about $3,500 early in 1980.

- Pioneer began sales of a consumer player for about
$700 late in 1980.
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- RCA began sales of their consumer videodisc player
early in 1981.

- Sony began limited sales of an industrial videodisc
player in mid-1981.

The difference between consumer and industrial systems are
significant. For instructional settings, the industrial
players incorporate microprocessor control for fast random
access, pre-programmed branching, and frame selection.
Microprocessors also have been installed in the less expensive
consumer players to provide random access, branching, and frame
selection. However, the servo-mechanism in these players
requires from 15 to 20 seconds to locate a frame in the worst
case. Maximum access time for the industrial players is under
four seconds. The consumer players lend themselves to
instructional application, but the functional capabilities of
the industrial players may be sufficiently greater as to
justify their higher cost.

With the exception of the RCA system, the videodisc
players discussed above are all optical, laser-based systems.
They use a 12-inch disc with a spiral track. The track is
pitted with oblong depressions or micropits about 1 micro;i deep
that vary in accordance with the audio or video information
they represent. During playback the disc spins at 1,800
revolutions per minute while these micropits modulate a low
power helium-neon laser focused on the track and thereby
generate a signal that is processed and passed to a standard
video monitor (i.e., to the antenna terminals of a TV set).

One video frame is stored on each track and there are
54,000 tracks per disc. Video, audio, and still photographic
information can all be intermingled on these discs. These
videodisc systems effectively provide rapid access to 30
minutes of video information, 30 minutes of analogue audio
informatiou, 54,000 still photographs, well in excess of 400
hours of digitized audio information, 30 minutes of motion
picture information, or various combinations of these media.
The point to be made is that videodiscs provide rapid random
access to a lot of information which can be inexpensively
stored and replicated.

APPLICATIONS OF VIDEODISC TECHNOLOGY TO TRAINING

One of the most exciting aspect of videodisc technology is
that it makes possible an entirely new set of training
experiences, ranging from new kinds of training movies to
low-cost simulators.
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Interactive Movies

Interactive Movies translata movie viewing into an active
participatory process. In effect, the viewer becomes the
director and controls many features of the movie. A sampling
of feature controls available to the viewer is the following:

1. Perspective. The movie can be seen from different
directions. In effect, the viewer can "walk around" ongoing
action in the movie or view it from above or below.

2. Detail. The viewer can "zoom in" to see selected, detailed
aspects of the ongoing action or can "back off" to gain more
perspective on the action and simultaneous activity elsewhere.

3. Level of Instruction. In some cases, the ongoing action
may be too rich in detail or it may include too much irrelevant
detail. The viewer can hear more or less about the ongoing
process by so instructing the Interactive Movie System.

4. Level of Abstraction. In some instances the viewer may
wish to see the process being described in an entirely
different form. For example, the viewer might choose to see an
animated line drawing of an engine's operation to get a clearer
understanding of what is going on. In some cases, elements
being shown in the line drawings may be invisible in the
ongoing action -- for instance, electrons or force fields can
be shown.

5. Speed. Viewers can, of course, view the ongoing action at
a wide continuous range of speed -- including reverse action
and no action (still frame).

6. Plot. Viewers can change the "plot" to see the results of
different decisions made at selected times during the movie.

-. typical .pplication for Interactive Movies would be in
training (and aiding) equipment technicians. The technician
could not only see how a particular part is located and
installed from several points of view (e.g. top versus bottom)
but could interactively control how detailed a description is
either seen or heard regarding that maintenance activity.

Several Interactive Movie videodiscs have been completed
using hand-to-hand combat (i.e., karate) as the subject area.
These disc let the viewer not only control playing a particLlar
karate move backward and forward at any rate, but also include
multiple views and closeup views following every move from four
different positions. Several Tnteractive Movies that focus on
equipment maintenance tasks are in progress.



Surrogate Travel (Media Mapping)

Surrogate Travel forms a new approach to local
familiarization and low-cost trainers. The basic principle is
simple. Up to 108,000 images, showing discontinuous motion
"along a large number of paths in an area, are stored on a
videodisc. Under microprocessor control, the user accesses
different sections of the disc, simulating movement over the
selected path.

The user sees with photographic realism the area of
interest. Unlike a travel movie, the user is able to both
choose the path and control the speed of advance through the
area using simple controls. The videodisc frames the viewer
sees originate as filmed views of what one actually would see
in the area. To allow coverage of very large areas, the frames
are taken at periodic intervals that may range from every foot
inside a building, to every ten feet down a city street, to
hundreds of feet in a large open area, e.g., a harbor.

The rate of frame playback, which is the number of times
each video is displayed before the next frame is shown,
determines the apparent speed of travel. Free choice in what
routes may be taken is obtained by filming all possible paths
in the area as well as all posEible turns through all
intersections. While it might first appear that this would be
a time consuming and expensive technology, it is in fact
"relatively efficient because of the design of special equipment
and procedures for doing the filming.

Demonstrations ot this technology have been developed for
building interiors (MIT, National Gallery of Art), a small town
(Aspen, Colorado). an industrial facility (nuclear power
plant), a weapon site, San Francisco Harbor and the Delta
Corridor area of the Matine Corps Air Ground Combat Center
(MCAGCC), Twentynine Palms, California.

To provide training in reading and understanding maps, the
photograph-based Surrogate Travel, or Media Map, is linked to
different sorts of maps of the area. In effect, the viewer can
travel across a map, can focus in on it, getting greater and
greater detail from what can be presented by standard map
symbolgy, and then "f.iI through" the man to see
photographically what the map depicts. in addition, the viewer
can switch among different types of maps (e.g., topographic,
infrared, etc.) to develop an understanding of how different
map symbologies and representations interact.

In addition to ground level travel, including the inside
and outside of buildings, aerial flight experience can be
procuced and used to simulate aerial reconnaissance or for
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flight ttaining. Similarly, other forms of travel experience,
such as anchorage piloting and low level nap of the earth
flying. are also easily accommodated.

Surrogate travel can also be used to provide traininq on
r •tine and emergency procedures, physical plant maintenance,
safety, security as well as other training requirements found
in ships, military and industrial facilities. In these
applications blueprints, floor plans, procedures, and
up-to-date reference materials are linked with the photography
of the site to provide a powerful and easy to use training
svystem.

Electronic Libraries

Electronic libraries, in the form of Spatial Data
Management Systems (SDMS) provide students and instructors with
quick and easy access to an assortment of multi-source and
multi-media information. Users literally "fly over"
information and select what they want by simply pointing.
Spatiality is used to group materials into lesson plans so that
different information spaces represent course concept,
additional instruction, and assessment procedures.

Stored on a videodisc are tens of thousands of frames
consisting of photographs, diagrams, charts, texts, movies,
spoken speeches, music, graphs, etc. The pages can be
organizea, reassembled, segmented, and/or duplicated in
accordance with the user's need and growing sophistication with
the subject matter. The pages can be annotated, highlighted,
drawn-on, underlined, etc., at the user's convenience and
pleasure.

For the instructor, the SDMS provides ready access to a
wealth of material which might otherwise be unaccessible.
Instructors can access the SDMS to create their own information
spaces (i.e., courses or lectures) and subsequently present
such materia's to larqe audiences in single locations via large
screen television projection or to multiple locations through
cable distribution systems.

Students can independently use the SDMS for self paced
instruction by either working through previously designed
information spaces or by browsing on their own. When students
and instructors are in remote locations,. offsite instruction is
facilitated by linking two or more SDMS's together using
regular telephone lines. In this manner, a student or
instructor can literally fly the other to a topic of interest,
sharing at geographically remote sites a large library of
information.



The same video materials can be used for hundreds of
different users. The only thin9 that must be changed from user
to user is the magnetic storage medium (usually a floppy disc)
which serves as the user's private librarian for the videodisc.

MARINE CORPS INTEREST IN VIDEODISC TECHNOLOGY

Marine Corps interest in the potential of videodisc
technology stems from a visit by several members of the staff
of the Education Center of the Marine Corps Development and
Education Command (MCDEC) to the Massachusetts Institute of
Technology (MIT) in the Fall of 1978. The Man-Machine
Interface Lab at MIT had developed the prototype of the spatial
data management system (SDMS) under sponsorship of the Defense
Advanced Research Project Agency (DARPA). Education Center
personnel sensed the immense potential that interactive
videodisc systems held for improving military training and
piofessional education. Initial interest centered around the
media mapping and SDMS configurations. The Director, Education
Center, subsequently requested that the Marine Corps procure a
single small-screen SDMS for the Education Center to use for
experimental purposes. The system, which was configured and
delivered to the Education Center by Interactive Television
Company of Arlington, Virglinia, consists of the following
equipment:

. Microprocessor-based Spatial Data
Management System Zmicroprocessor, keyboard,
joystick control, and CRT display).

SMCA Model 7820 Optical Videcdisc Player.

*Black and White Video Printer.

. 15" Color Monitor.

It may be worthwhile at this point to briefly review some
of the major capabilities of the Marine Corps interactive
videodisc system configuration in order to show how these
capabilities may be exploited in supporting and enhancing
training and education programs:

A. Ease of Operation by User

No typing or keyboard is required

User programring is not required

No query language must be learned

No training period is required
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Rapid retrieval

Joystick contcols

Keyboard or symbological data retrieval

Portable

B. Videodisc

54,000 pictures/side

*Each picture/frame has a displayable electronic I.D.
number 1-54,000

Rapid access to any picture/frame (1/8 sec. to 3
seconds)

Long life, durable, portable

Thousands of copies of a master is possible

Dual-speech/sound tracks each .,ide.

C. Applications

. Group instruction with either multiple small screen
display and/or large screen display

_ Personalized interactive, self-paced learning with
built-in testing and tutoring, augmenting or replacing
written materials e.g., programmed texts, etc.

Dual language capability on narrations

Nonresident instruction via teleconferencing and/or
videodisc-based replications of resident instruction

Lecture/course development - an electronic data base
with visual aids which serves as a repository for
instructional materials

Multi-Media - videodisc, magnetic digital disc, and
microfiche in combination using text, movies, slides,
drawings, animation, graphs, maps, aerial imagery,
speezh, sound, etc.

-Teleconferencing - phone lines or hardwire

Management Information System (MIS)/Archival



Repository - can be used as a library of archival
materials, for storage and retrieval of operation
plans, orders, maps, historical documents,
photography, statistical data, important papers,
directives, legal records, etc. either classified or
unclassified.

Media Mapping - user controls path, viewpoint, rate of
travel, time of day, time of year, weather, mode of
travel, detail, and any anciliary information (so long
as it has been planned for and included in the program).
Media mapping discs can be used for terrain analysis,
targeting, simulation, intelligence, anti-terrorist
planning, multi-sensor planning and display, tactical
situation map/status board, combat in built-up areas,
etc.

Interactive Movies - self-paced or group instruction,
lecture support, tactics training, decision making,
equipment maintenance and operator training,
simulation, etc.

THE TWENTYNINE PALMS VIDEODISC PROJECT

As its initial project, the Education Center undertook to
produce a media map of the Delta Corridor area of the Marine
Corps Air Ground Combat Center (MCAGCC) at Twentynine Palms,
California. The Marine Corps conducts a number of combined
arms exercises in the Delta Corridor every year. Because the
terrain is of critical concern to units throughout the Marine
Corps, it was concluded that the disc would serve as a solid
test bed for the Marine Corps wide use of SDMS technology.
Interactive Television Company was eventually awarded the
contract to film the terrain and to produce and index the media
map videodisc. The disc has been produced and indexed. It
will be evaluated during the period January - February 1982.

The Twentynine Palms videodisc contains extensive coverage
of the Delta Corridor, the Expeditionary Air Field, and the
Camp Wilson area of the Combat Center. It includes ground
routes and corresponding aerial views from both 200 and 1000
feet. For planning and instructional purposes maps and
photography of major Delta Corridor features are included on
the videodisc. Following is a description of the videodisc's
contents.

Ground Routes. On the ,,ideodisc are four-way views
(forward, reverse direction, left and right) of over 100 miles
of ground travel.

The ground routes were filmed from a Marine Corps M880
truck with a 30 foot picture interval. The truck was driven at
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approximately five miles per hour over terrain varying frnm
smooth asphalt roads to very rugged open terrain.

Because of the rugged terrain a gyro stabilizer camera
mount was used to provide side and front view images with a
constantly even horizon. To date, most viewers have not been
able to distinguish between the stabilized and unstabilized
views on any of the terrain - paved or rough.

Aerial Routes. A marine Corps HU-l helicopter was used to
film corresponding aerial views from the ground routes. Aerial
views at 200 and 1000 feet were mapped. Picture intervals of
50 and 250 feet respectively were used for the aerial mapping.

For the aerial photography, a forward-looking camera was
mounted to one of the helicopter skids. A side-looking camera
was clamped down looking out from the door of the helicopter.
An intervalometer was used to control the camera framing rates.

Ground and Aerial Features. Throughout the Delta Corridor
selected terrain and tactical features were identified and
filmed. Terrain features included examples of saddles, crests
(military and topographic), dry washes, passes, contours and so
on. Tactical features included panoramic and close-up
photography of major objective areas, staging and assault
areas, major passes, a firing range, and other areas used in
Delta Corridor exercises. Ground and aerial photography of
both terrain and tactical features was included on the
videodisc.

In the Delta Corridor, the helicopter was used to film
panoramic views as would be seen by an observer located on any
one of the three Observation Posts overlooking the Delta
Corridor area. Observation Post views look outward in a 360
degree sweep. Inward views are also included so users can
readily identify the observation posts and know what is located
on them.

Ground and aerial photography of the Expeditionary Air
Field and Canp Wilson area, which is used as the base cemp for
units visiting the Combat Center to participate in exercises,
are also on the videodisc. Included are views of the runway,
support facili•.ies, fuel bunkers, mess and shower facilities,
and housing areas.

Maps. Several topographic maps of different scales were
filmed and included on the videodisc. These maps can be used
to "fly over" the mapped areas moving in and out for greater or
less detail. Under microcomputer control, the maps can be
correlated to aerial and ground photography.
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Narrated Introduction. A narrated introduction at the
start of the videodisc describes the project's applications to
Marine Corps problems. The introduction also summarizes the
videodisc's content.

It is anticipated that the Twentynine Palms Videodisc
Media Map will serve multiple training functions within the
Marine Corps. For the Marine officer planning or engaged in
exercises within the Delta Corridor, the Videodisc Map will
serve as an aid to planning and terrain familiarization. For
Marine Corps elements (such as the Education Center at
Quantico, Virginia) engaged in teaching land navigation,
terrain analysis, and map reading, the Videodisc Map will
provide the instructor with a valuable training aid that
integrates ground, aerial, and map materials for instruction.

FUTURE MARINE CORPS PROJECTS

The Marine Corps could select any one of a number of
useful videodisc applications for its next project. The
following is a partial list of possible applications:

Surrogate travel through a Landing Helicopter Assault
ship (LHA) to aid in the pre-embarkation orientation of
selected spaces and operational features of interest to the
Landing Force. Similar discs could be developed for other
appropriate types of amphibious ships.

Interactive movie photography, incorporating surrogate
travel techniques, which would enable students to become
familiar with high-cost, low-density equipment that they
ordinarily would not get an opportunity to work with in the
classroom.

Interactive videodisc-based similations of selected USMC
command and control (shore and seabased) facilities.

An electronic library of resource information collected
for threat analysis purposes. The disc-based information could
supplement or replace existing hard copy media for
instructional development, self- paced student research,
reference or instruction.

An electronic library of information, including media map
material, of terrain, lines of communications, port facilities,
beaches, landing zones, airfields, and cities to be combined
with other maps, photography and target data required to
support amphibious operation planners, instructors, and
students involved in war gaming exercises.
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An electronic library of Marine Corps archival material
relating to the evolution of amphibious operations. This would
serve a two-fold purpose in that it would: 1. ensure against
the loss of critical information by providing working copies of
historical documents; 2. establish a unique cross reference
and information retrieval system for researchers and amphibious
planners.

It should be recognized that the videodisc is a storage
medium, not an instructional system. But it is a storage
medium of such remarkable capacity and with such varied
capabilities that, if used with imagination in support of
carefully defined objectives, it can elevate existing
instructional systems to new levels of excellence. As the
Marine Corps continues to define its training objectives, it
undoubtedly will identify new applications for the videodisc
and related forms of telecommunication technology. In the !ILI

meantime, it will continue to monitor the exploratory efforts
of the Army, the Air Force, and other agencies in and out of
government that are developing new uses for this powertul
medium.

522



TESTING DURING TRAINING:
WHY DOES IT ENHANCE MOVEMENT RETENTION

Joseph D. Hagman
US Army Research Institute for the Behavioral and Social Sciences

Linear movement retention was examined for training methods emphasizing
(repeating) either presentation (p) or test (t) trials. P-trials were
experimenter-defined study movements constrained by a mechanical stop;
t-trials were learner-defined recall movements unconstrained by the

stop. Separate groups of governmental employees received training
consisting of three, 6-trial cycles. Cycles began with a p-trial that
defined the criterion movement to be remembered. The five remaining

trials of each cycle varied in type across groups. One group, for
example, performed successive t-trials, whereas another performed suc-
cessive p-trials yoked in value to the first group's t-trials. Reten-
tion was then examined at 3 minutes and 24 hours after training.
Absolute (unsigned) error revealed that t-trials were more effective
than yoked p-trials in promoting movement retention. The data were

consistent with the hypothesis that retention benefits obtained from
testing during training result from better initial learning (encoding)
of kinesthetic cues generated under a learner-defined than under an
experimenter-defined movement execution mode. It was concluded that
testing cannot only be used to evaluate but also to improve motor skill

retention. •
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TESTING DURING TRAINING:
WHY DOES IT ENHANCE MOVEMENT RETENTION

JOSEPH D. HAGMAN
US ARMY RESEARCH INSTITUTE FOR THE BEHAVIORAL AND SOCIAL SCIENCES

ALEXANDRIA, VA 22333

The Army's primary peacetime mission is to maintain combat readiness

(Guthrie, 1979). To be combat ready, soldiers must first become profi-
cient in their performance of job tasks, and then, retain this proficiency
over what can be prolonged periods of no practice. One way to enable
soldiers both to reach and maintain combat readiness is through the use
of task training methods that promote effective acquisition and retention.
To do this, these methods must be identified and compared.

A review of the training research literature reveals that training
methods have been compared primarily within the context of laboratory
experiments. Here, training has involved the execution of presentation
(p) trials, where to-be-learned information is presented by the experi-
menter to the learner for study, and test (t) trials, where this infor-
mation is removed and the learner attempts to recall (reproduce) it from
memory. Although standard training methods involve alternation of p- and
t-trials (e.g., Tulving, 1967; Wrisberg & Schmidt, 1975), the most
effective number and sequential arrangement of p-and t-trials to use is
a matter of debate. From a traditional learning theory viewpoint, where
p-trials are seen as having an effect similar to reinforcement (Adams &
Dijkstra, 1966), training methods that emphasize (repeat) p-trials
should be more effective than those that repeat t-trials. P-trial
repetition increases the number of reinforcement opportunities during
training, and therefore, should enhance both acquisition and retention.
From a contemporary cognitive learning viewpoint, on the other hand,
information processing activities such as memory retrieval and internal
item generation are considered important aspects of acquisition and
retention (Bjork, 1975). Because t-trials provide an opportunity to
perform these activities on information studied during p-trials, training
methods that repeat t-trials should also be effective.

P-trial effects have been documented in numerous experiments showing
that improved performance occurs when p-trials are repeated during
training (e.g., Adams & Dijkstra, 1966). Only recently, however, have
improvements associated with t-trial repetition been reported. Research-
ers have shown that with verbal tasks t-trials not only contribute to

acquisition (e.g., Lachman & Laughery, 1968) but also to retention
(Hogan & Kintsch, 1971; Wenger, Thompson, & Bartling, 1980). Even more
recently, t-trials have been reported to influence motor task perform-
ance. Hagman (1980ab), for example, had persons learn either the
distance (extent) or end-location (terminal position) of linear positioning
movements under training methods emphasizing either p- or t-trial repetition.
P-trials were movements terminated by a mechanical stop that was prepositioned
by the experimenter to ensure execution of the to-be-learned criterion
movement cue (i.e., distance or end-location). T-trials were movements
performed with the stop removed. Tr wnq during t-trials that learners
stopped their own movement when they thought they had accurately recalled
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the criterion movement cue. Results of both experiments showed that
"movement c'ie acquisition was better when p-trials were repeated during
training, whereas long-term retention was better when t-trials were
repeated during training.

The purpose of the present experiment was to extend these earlier
findings by testing two hypotheses suggested (Hagman, 1980) to account
for the beneficial effect of t-trials on movement cue retention. The
first hypothesis relies on the procedural distinction between experi-
menter-defined (i.e., performed with the stop present) and learner-
defined (i.e., performed with the stop absent) movements. Evidence
suggests that movement cues generated under a learner-defined execution
mode are retained better than those generated under an experimenter-
defined execution mode (Kelso, 1977; Stelmach, Kelso & McCullagh, 1976).
This enhanced retention is caused by superior learning (encoding) of
learner-defined movement cues brought about by the learner's ability to
predict or anticipate cue values prior to movement initiation (e.g.,
Kelso, 1977). T-trials allow for prediction because they are learner-
defined, whereas p-trials do not allow for prediction because they are
experimenter-defined. In a multitrial training context learners base
posttraining recall attempts on their retention of cues generated during
the trial type repeated during training. That is, learners rely on p-
trial retention when p-trials are repeated, whereas they rely on t-trial
retention when t-trials are repeated. Because t-trials are learner-
defined, retention of t-trial generated cues should be superior to
retention of p-trial generated cues which are experimenter-defined.
Thus, enhanced long-term motor retention should occur with training
methods that emphasize learner-defined t-trial repetition.

The second hypothesis proposed to account for the beneficial effect
of t-trial repetition on movement cue retention involves the notions of
movement variability and motor schema. The motor schema is an abstrac-
Lion of task and environmental characteristics that develops through
repeated and varied movement during training (Schmidt, 1975), and serves
as a rule or concept for movement generation. Researchers have found
that as variability increases during training the abstracted schema
information becomes increasingly resistant to forgetting (Newell &
Shapiro, 1976; Posner & Reele, 1970). In the previous experiments by
Hagman (1980a,b), variability during training was generated at t-trials
because learners were inconsistent in their recall attempts. In contrast,
no variability was generated by p-trials because all were identical in
terms of distance (Hagman, 1980a) or end-location (Hagman, 1980). As a
result, it could be argued that schema strength was greater after
repeated t-trial training than after repeated p-trial training. Thus,
one would predict better retention under the former than under the
latter training method.

'rhe general approach used in the present experiment to test the
validity of these two hynotheses involved yoking separate n-trial training
method groups to both the t-trial distance and t-trial end-location
groups trained earlier. Yokin- involved using a mechanical stop to
ensure that p-trials of the yoked groups were identical to the t-trials
of the other groups in terms of both distance and end-location. Thus,
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yoking afforded the means of equating p- and t-trtals in terms of variability
during training but allowed the distinction to remain between p- and t-
trial execution mode (i.e., experimenter- versus learner-defined). If
variability per se during training is the key to enhanced retention of
movement cues, then one would expect the retention displayed by the two
yoked p-trial groups not to differ from that displayed by the two t-

trial groups. If, on the other hand, movement execution mode during
training is the key to enhanced retention, then one would expect the two
t-trial groups to display retention superior to that of the two yoked p-
trial groups.

Method

Subjects

Sixty governmental employees volunteered to serve as participants in
the experiment. All were members of the professional and clerical staff
of the Army Research Institute for the Behavioral and Social Sciences.

Apparatus

Participants were required to make movements from left to right

using a metal slide that ran along a linear track consisting of two
stainless steel rods 35 inches (88.9 cm) in length. Two Thompson Ball
Bushings supported the slide on the rods which were mounted in parallel
on a metal frame 4.25 inches (11 cm) apart and 11 inches (27.94 cm)
above the frame base. The base rested on a standard table top 31 inches

(78.74 cm) from the floor. A second slide was used by the experimenter
to stop movement of the first slide along the track. A pointer attached
to the experimeuter's side of each slide ran along a meter stick to
indicate respective slide position. Additional apparatus included a chin
rest to stabilize head pcsition, earphones through which tape-recorded
procedural commands were delivered, and a blindfold to eliminate visual
cues.

Design

The experiment contained an acquisition and a retention segment as
shown in Figure 1. The acquisition segment consisted of 18 training
trials divided into three cycles of six trials each. Cycles contained
p- and t-trials. P-trials were experimenter-defined movements terminated
by the mechanical stop. The stop waj prepositioned by the experimenter
to ensure that participants executed (studied) the criterion distance
end-location at p-trials and duplicated t-trials at yoked p-trials,
i.e., py. T-trials were learner-defined recall movements unconstrained

by the mechanical stop. Four training method groups were included in
the experiment, i.e., DISTANCE PRESENTATION (DP), DISTANCE TEST (DT),
END-LOCATION PRESENTATION (LP), and END-LOCATION TEST (LT). Training

methods differed in their emphasis on p- and t-trials performed during

each cycle. Group DT performed cycles containing an initial to-be-
learned criterion p-trial followed by five successive recall t-trials.
Group DP performed cycles containing six successive p-trials. The first
was the criterion, but the next five were yoked in distance to the
corresponding t-trials of Group DT. Yoking was also applied to the two
end-location groups in a similar fashion. Because of this yoking
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procedure, Grvups DT and ,T were trained before Groups DP and LP. Data
from thd two yoked PRESENTATION groups were collected in the present
experiur.at, whereas data from the two TEST groups were collected earlier
(Hagman, 1980a,b). Although trained at different times, subjects in the
two yoked groups were drawn from the same population as those in the two
TEST gror.is.

The retention segment of the experiment consisted of a single t-
trial performed ,y each group at both 3 minutes and 24 hours after
acquisition, a0 shown in Figure 1. Separate 2x 2 mixed factorial designs
were used to examine distance and end-location cue retention. The
between-subjects factor was group (DP, DT, or LP, LT) and the within-
subjects factor was retention interval (3 minutes, 24 hours). Fifteen
participants were assigned to each of the four training method groups
with the constraint that each group contain the same proportion of men
and women.

Procedure

Participants were instructed to learn and remember zither movement
distance or end-location depending on their group. Those in groups DP
and LP were also told of the yoking procedure. All participants were
then shown a written copy of the trial command sequence that they would
be hearing and told the meaning of each command. The p-trial command
was "Movement" and the t-trial command was "Recall Movement." Each of
these commands was preceded by "Ready" and followed by "Rest." At
"Ready" the experimenter grasped the participant's hand and placed it on
the handle of the slide. Five seconds later, the participant heard
either "Movement" or "Recall Movement" depending on the trial type. At
"Movement," participants moved the slide across the track until contacting
the mechanical stop. At "Recall Movement," those in Groups DT and LT
moved the slide across until they felt that they had recalled the criterion
distance or end-location, whereas those in Groups DP and LP moved the
slide along until contacting a stop. This stop was prepositioned by the
experimenter at the distance or end-location recalled by participants in
Groups DT and LT at t-trial execution. Five seconds were allowed for
movement execution. During this interval, participants received white
noise through earphones to eliminate auditory cues resulting from
displacement of the slide. "Rest" marked the beginning of a 10-second
interval during which participants removed their hand from the slide
and placed it on the table in a predetermined resting position. During
rest periods the experimenter recorded recall accuracy to the nearest
millimeter (when appropriate) and repositioned the stop in preparation
for the next trial. After "Rest," participants heard "Ready" and the
command sequence for the next trial began. During the retention segment
of the experiment, intervals of 3 minutes and 24 hours were inserted
between "Rest" and "Ready." In general, participants were instructed
not to count during movements and shown the approximate movement speed
(i.e., 125 non/sec) desired by the experimenter. Prior to making the
first movement, participants donned their blindfold and earphones, and
then were given a 10-second opportunity to move the slide and get a
feel for its movement characteristics.
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Results

Algebraic (signed) and absolute (unsigned) errnr scores were recorded
for each t-triAl performed during the retention t-c.ent of the experiment.

No acquisition data were analyzed because yoking prevented any differences
in group performances. Each performance measure was analyzed separately.

"Retention was examined using a 2x2 mixed factorial Group (DP, DT or
LP, LT) by Retention Interval (3 minutes, 24 hours) analysis ot variance
(ANOVA). Separate ANOVAs were performed on the algebraic and absolute
error scores for the two distance groups (DP, DT) and the two end-
location groups (LP, LT). No significant (P (.05) effects of interest
were found for algebraic error, therefore only absolute error scores are
reported.

Distance. Mean absolute error scores are shown in Figure 2. The

scores for the two distance groups (i.e., DP, DT) are on the left and
those for the two end-location groups (i.e., LP, LT) are on the right.
The absolute error ANOVA revealed no significant main effects for a
significant groups x retention interval interaction, F(1,28)=6.85. The
rejection region for this and all other analyses was .05. This interaction
resulted from an increase in recall error over time for Group DP and an
associated decrease in recall error over time for Group DT. Individual
couq'arisons of simple main effects using the least significant difference
method (Carmer & Swanson, 1973) revealed that the Group DP error increase
was revealed that 3 minutes after training no difference in recall error
existed between Groups DP and DT, whereas 24 hours after training Group
DP displayed greater recall error than that of Group DT.

End-location. The absolute error ANOVA, for end-location, revealea
a significant main effect of group, F(1,28)=5.85, demonstrating grnater
posttraining recall error for Group IP than for Group LT, and a griup x
retention interval interaction that approached significance, F(l,28)=3.11,
.05< p<.10. Although nonsignificant by conventional standards, further
analysis of simple main effects associated with this interaction was
Justified by a priori expectations of training method outcome as indicated
by the results obtained for distance cue recall. As shown in Figure 2,
the marginal interaction resulted from an increase in recall error after
training for Group LP while Group LT error remained almost unchanged.
Individual comparisons revealed that the Group LP increase was significant,
and that Group LT error was statistically utable. Group recall performance
did not differ 3 minutes after training while 24 hours after training
Group LP error was significantly greater than Group LT error. Conservatively
speaking, the absolute error data for both movement distance and end-
location cues reveal that training methods that emphasize testing (i.e.,

DT, LT) prevent posttraining task retention decrements, whereas those
that emphasize presentation produce marked posttraining retention decrements.
Thus, even the yoking procedure used in the present experiment to increase
moveme.nt variability during training was unable to prevent forgetting
when p-trials were emphasized.
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Discussion

The purpose of this experiment was to explain previous data showing
that repeated testing during training is more effective than repeated
presentation in promoting long-term motor task retention (Hagman, 1980a,b).
Two hypotheses were tested. The first stated that retention benefits
were caused by differences in the learning (encoding) characteristics of
p- and t-trial due to differences in movement execution mode. The
second hypothesis stated that retention benefits were the result of
increased movement variability produced by t-trial execution during
training. The present absolute error differences found between Groups
DP and DT and between Groups LP and LT support the execution mode hypothesis.
Although p- and t-trial variability was equated during training through
yoking, retention differences at 24 hours after training still favored
the t-trial repetition groups for both distance and end-location cue
recall. Thus, the variability hypothesis is not supported.

How does movement mode influence retention? As suggested earlier
(Hagman, 1980b), in multitrial training situations where either p- or t-
trials are emphasized through repetition, learners base later recall
attempts on their retention of movement cues generated at repeated
trials. It is easier to remember t-trial cues than p-trial cues because
the former are learner-defined. Better retention of learner-defined
cues comes from the learner's ability to predict or anticipate movement
cues prior to initiation. According to Kelso (1977), "when a person is
able to predict movement, two sets of signals are generated; (a) the
downward discharge to effector organs, and (b) a simultaneous central
discharge from motor to sensory centers that presets sensory systems for
the anticipated consequences of the motor act" (p.35). Thus, the role
of anticipation or prediction is to enhance the encoding of movement
kinesthetic information arising from muscles and joints (Kelso, 1977;
Stelmach, et. al., 1976). An extension of this corollary discharge
theory can explain the superior retention resulting from t-trial repetition.
It is argued that at t-trials cortical sensory centers are more prepared
to receive incoming afferent impulses from muscles and joints, since
movement consequences can be anticipated. At p-trials, on the other
hand, this would be more difficult since little if any prior information
is available regarding the terminal locus of the movement. It is this
superior encoding of t-trial cues relative to p-trial cues that causes
superio- long-term retention.

Finally, it should be mentioned that although the present results
rule out variability per se as the cause of t-trial retention effects,
they do not rule out the possibility that variability contributes to
retention, but does so only when generated during learner-defined movements.
It could be argued, for example, that the effects of variability are
dependent nn movement mode, and perhaps vice versa. Although the present
experiment does not discount this interpretation, no data have been
reported eithcr to suggest or ,upport it. Therefore, it remains highly
speculative, yet worthy of future research.

Conc lus ions

The results of this experiment help to clarify past research findings
and . .. n..r r.. qu......n of why tsing duringl trai.-ing enhances motor
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task retention, in doing so, they assist the Army in its quest to
identify training methods that produce the highest levels of motor task
acquisition and retention.

From the results it can be concluded that: (a) Training methods
that provide for increased opportunities for testing improve long-term
motor task retention; (b) these benefits derive from the superior encoding
of learner-defined movements performed during t-trials, relative to
experimenter-defined movements performed during p-trials; (c) increased
variability of movement caused by t-trial repetition during training is
not responsible for the obtained retention benefits associated with
testing; (d) testing during training benefits both movement distance
and end-location cue retention.
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Hall, Eugene R. & Freda, Jon S., US Navy Training Analysis and Evaluation
Group, Orlando, Florida. (Tues. A.M.)

fDfbferential Effectiveness and Efficiency of Individualized Instruc-
tion: I. Background and Study Design

The Navy's Training Analysis and Evaluation Group (TAEG) conducted
an empirical study to determine if measures of training effectiveness
or training efficiency were differentially related to the method of
instruction used to train Navy technical school graduates. Also
investigated were the interrelationships between methods of instruc-
tion, ability levels of graduates and the types of tasks taught in the
technical schools. Since the same content was not taught in courses
conducted under each method, it was necessary to equate the content of
the 20 courses (i.e., tasks taught) to a common base so that appro-
priate comparisons could be made. For this purpose a generic task
classification system was developed. School achievement and job
performance measures obtained on over 5000 technical school graduates
served as the criterion variables. This paper presents the background
for and design of the study.
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DIFFERENTIAL EFFECTIVENESS AND EFFICIENCY OF INDIVIDUALIZED INSTRUCTION:

I. BACKGROUND AND STUDY DESIGN

Eugene R. Hall and Jon S. Freda

Training Analysis and Evaluation Group
Orlando, Florida 32813

Individualized instruction has become a controversial issue in military
training. Many individuals in both training and operational settings have
come to believe that individualized instruction (II) is not a desirable or
effective way to train students for operational job assignments. The wide-
spread belief is that conventional classroom group-paced (GP) methods result
in better trained personnel.

Currently, the U.S. Navy conducts technical training under both II and GP
instructional methods. The principal II methods used are computer managed
instruction (CMI) and self-paced (SP) instruction. Because of the potential
for reduced student training time, the Navy plans to individualize still more
of its courses. However, in view of concerns expressed by fleet units, the
Chief of Naval Education and Training (CNET) tasked the Training Analysis and
Evaluation Group (TAEG) to conduct a study to examine the effects of indivi-
dualized instruction.

Purpose

The purpose of the study was to determine if individualized instruction
is more or less effective and/or efficient than conventional instruction, and
further, if these effects differentially relate to:

training individuals of differing ability levels and/or
training different types of tasks.

The present paper presents details of the methodology employed to conduct
the study. A subsequent paper in this volume (Freda, Hall and Ford) presents
and discusses study findings.

Method

Since experimental methods were impractical to employ within the context
of an ongoing military training system a correlational approach was used to
conduct the study. Under this approach, statistical analyses are performed on
existing record data to determine if significant relationships exist among
variables of interest. Because of limitations inherent in available data
however, caution is required in the interpretetion of results obtained. Also,
there are limits on the generalizations that can be made. While some results
may be viewed as definitive, others must be viewed as only suggestive.
Further, certain of the results should be considered applicable to only the
courses included in the study. These situations will be appropriately noted
in the present text and in the subsequent paper by Freda, Hall, and Ford.
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Study Questions

The TAEG study was designed to answer two major questions derived from
the orginal CNET tasking:

1. Are significant, relative differences in training effectiveness and/or
efficiency associated with individualized instruction versus group-paced (GP)
instruction?

2. If there are differences, are they related to different kinds of
training tasks and/or ability levels of trainees?

Study Variables

The study examined seven major variables. The major predictor variables
were method of instruction, trainee ability level, and type training task.
The major criterion variables were training costs, end of course grades, time
to complete the course, and Naval Education and Training Co.wnand (NAVEDTRACOM)
Training Appraisal System (TAS) ratings (see below). Training costs and time
to complete were viewed as training efficiency measures, and end of course
grades and TAS ratings as internal and external measures of training effective-
ness, respectively.

Predictor Variables.

Method of Instruction. The primary predictor variable of the study was
instructional method. Two basic methods were of interest: Individualized
instruction (II) and Conventional Instruction (CI). II is defined as an
instructional strategy in which the learning activities are designed to
accommodate individual differences in background, skill level, aptitudes, and
cognitive styles. For the present study, II involved self-paced and computer-
managed courses. CI is defined as an instructional strategy in which learning
activities are directed toward a normative model of the target population
characteristics. CI usually occurs in a group environment (i.e., is group-
paced).

To develop lines of inquiry for the study, a brief literature survey was
conducted. Previous findings from reviews of II versus CI used in military
settings (e.g., Orlansky & String 1979) indicate that:

II is as effective as CI in terms of end of course achievement scores

the efficiency of II is significantly better than that of CI in terms
of student time to complete instruction

training costs for II are lower due to the student time savings.

the addition of computer support (either CAI or CMI) to self-paced
instruction does not significantly increase student time savings.

Orlansky and String also noted that the previous research contrasting II
and CI was confined to comparisons on measures of student learning achievement
available at the schools. External criteria of training effectiveness were
not used for assessing the effects of different instructional methods.
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The relevance of previous research for the TAEG study then was that:

-* school performance scores (i.e., end of course grades) should be
equivalent for CI versus II graduates overall

- time to complete training should be significantly less for II than
for CI

student time to complete training should be equivalent for SP versus
CMI.

Since no previous data were reported for method effects on external criteria
of training effectiveness, these analyses were considered wholly exploratory.

Ability Level. Ability levels of trainees constituted the second major
predictor variab e of interest. For the present study, ability levels of trainees
were considered to be reflected by student scores on the Armed Services Vocational
Aptitude Test Battery (ASVAB). This test is routinely administered to all
armed services enlistees.

The ASVAB consists of 12 subtests. Various conminations, or composites,
of ASVAB subtest scores are used by the Navy to determine an individual's
eligibility for attendance at specific technical schools. Scores from three
of the battery subtests can also be used to derive an Armed Forces Qualifica-
tion Test (AFQT) percentile equivalent. These percentile equivalent scores
provide a measure of general ability. They can also be used to group indivi-
duals into mental categories. AFQT percentile scores (derived from the pre-
October 1980 conversion routines) were used to represent ability levels of
graduates for making comparisons across courses.

Types of Training Tasks. Definitive conclusions concerning the value of
II versus CI for training different types of tasks require that the same tasks
be taught under each method. Unfortunately, the same courses (and, consequently,
the same tasks) are not taught under each of the Two-basic methods of instruction,
and it was beyond the scope of the study to create this condition experimentally.
Thus, the matching of tasks under different methods of instruction was approximated
through the use of a generic task classification system. The content of the
different courses (i.e., tasks taught) was equated to a common base so that
appropriate comparisons could be made. The use of these comparisons assumes
that the psychological processes involved in the acquisition of generic skills
(e.g., decision making) are the same regardless of the specific context in
which the learning occurs.

For the present TAEG study, a modification of the Instructional Quality
Inventory (IQI) method (Ellis, Wulfeck and Fredericks, 1979) was used to equate
skill and knowledge items taught in each of the courses to a common base. Subject
matter experts (SME) at each school classified statements of the schools learning
objectives into one of five types of information content: fact, category,
procedure, rule and principle. The IQI definitions of content type (see Ellis,
et al) were retained. The five classifications were then interpreted as generic
tasks so that comparisons could be made across the courses.
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Criterion Variables.

Training Effectiveness Measures. Two sets of measures of students' learning
achievements, which indicate course training effectiveness were of interest to
the study:

internal measures which reflected how well students performed in
school

external measures which reflected graduate job performance

Internal measures of student learning achievement were obtained from the
schools. These consisted principally of end of course grades. Other internal
measures of course data reflecting training effectiveness were not routinely
available. External measures of student learning achievement were obtained
from the NAVEDTRACOM Training Appraisal System Data Base. These consisted of
fleet supervisor ratings of the adequacy of school training for particular
tasks which graduates are expected to perform on the job.

The CNET Special Assistant for Training Appraisal (CNET 015) routinely
collects feedback data via mailout questionnaires from first-level fleet
supervisors of recent (i.e., 4 to 10 months after graduation) technical school
graduates. Random samples of graduates are drawn from the total pool of course
graduates during a given time frame. Fleet supervisors rate on a 5-point scale
(a "1" equals "unsatisfactory" and a "5" equals "much more than satisfactory")
the adequacy of school training for an identified course graduate. Training
adequacy judgments are made for a number of specific tasks for which a given
technical school provided training. The task statements listed on a feedback
questionnaire are currently prepared by technical training staff for a given
course. The statements are based on the learning objectives of that course.

The TAS data base contained both a listing of tasks taught at a school,
and ratings of training adequacy for these tasks. The questionnaire task
statements which reflect specific skills and knowledges taught at a school
were classified by school SMEs into the generic task categories described above.
Thus, specific generic tasks could also be matched to supervisor training adequacy
ratings on specific items to permit comparisons within and between courses.

Training Efficiency Measures. Two measures were used to reflect training
efficiency: training costs and student time (contact hours of instruction) to
complete a course. Training cost data were obtained from the CNET "Per Capita
Cost Data Base" for each course in the study. The training cost data were
referenced to fiscal year 1979 which coincided with the time period that
graduates of interest to the study were in training. From the cost data base,
a "training cost to produce one graduate per course session" was derived and
used in subsequent analyses. Student course completion times were obtained
for individualized courses from CMI files and from class records at the schoolsfor SP cnurses. Completion times for CI courses were obtained from the schools
and from CNET computer files.

Table 1 identifies the major predictor and criterion variables of the
study. The measures of the variables are listed as are the dita sources. Morecomplete descriptions of the study samples are presented below.
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TABLE 1. MAJOR PREDICTOR AND CRITERION VARIABLES

VARIABLE MEASURES SOURCE

PREDICTOR

Ability Level AFQT, Composites CNET 015

Method of Instruction SP, CMI, GP CNET, CNTECHTRA

Type of Training Task Five Generic Tasks IQI (SMEs)

CRITERION

EFFECTIVENESS

End of Course Grades Final Grades School Records
(SP+GP),CNTECHTRA
(CMI)

Training Adequacy Ratings 1-5 Scale TAS (CNET)

EFFICIENCY

Cost of Course Average Cost to CNET Accounting
Produce 1 Graduate System
(per session)

Time to Complete Contact Hours CNTECHTRA (CMI):
School Records,
SMEs, NITRAS

Study Samples

Course Samples.

The TAEG project staff coordinated with CNET and Chief of Naval Technical
Training (CNTECHTRA) staff to select courses for inclusion in the study. The
plan was to identify approximately 10 A-level courses that used conventional
(i.e., group-paced) instruction and 10 others that used individualized
instruction (i.e., self-paced or computer-managed). Courses in each
instructional category were to include the full range of ability levels of
individuals who undergo Navy technical training. It was also desired that
courses in each category be roughly matched on general instructional content
(i.e., type training tasks) and on geographic location.

initial selection of courses for inclusion in the methods of instruction
groups was made on the basis of entries in the Navy Integrated Training Resources
and Administrative System (NITRAS). This system identifies courses that are
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considered to be individualized (SP or CMI) and those considered to be taught
conventionally (i.e., GP). It should be noted that these instructional
methods are not purely applied to all portions of the courses.

Courses selected for the study were those classified as "A-level." "A-
level" courses provide basic skill and knowledge training for entry level Navy
jobs. These courses were studied rather than C-level courses because:

• a greater diversity of tasks is trained in the more general A-level

courses than in the largely equipment-specific C-level courses

a wider range of student abilities is involved in A-level taining

. proportionately more A-level courses are taught under individualized
instruction

It was further desired that courses be selected to the extent possible
from those for which TAS data were already available or soon to be available
(i.e., within approximately the next 6 months). Although CNET 015 training
appraisal schedules could be altered, this would result in lengthy time delays
to obtain data on course graduates and would disrupt the ongoing work of the
schools and CNTECHTRA staff codes.

Twenty-three A-level courses were nominated by CNTECHTRA for inclusion in
the study. Although availability of the TAS data was the major determinant of
the sample composition, it is believed that the other criteria were reaonably
well met and that the courses constitute a fair sample (approximately 15
percent) of Navy "A" schools. Two officer courses were also selected for
study. These courses, "Damage Control Assistant", were ostensibly the same
course taught under a different method of instruction at each of two
locations. In addition, data were obtained from two basic CMI courses.
Graduates of the RM Sea "A" School and the RM Shore "A" School also attended
the RM Basics course. Their records were obtained from CNTECHTRA CMI files
and used in analyses of interest to the study. Similarly, graduates of the
EN, MM 600 psi and MM 1200 psi schools attended the Propulsion Engineering
(PE) Basics course prior to entry into their respective "A" schools. Their
records were also obtained from CMI files.

Graduate Samples

Information pertaining to the number of graduates per course for whom
data were available for selected variables is presented in table 2. Data were
obtained from a total of 7,083 records of enlisted personnel ard officers who
were graduated from the schools between August 1978 and April 1980. This
total included duplicate records of qraduates from basic courses and the dual-
phase HT courses.
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Data Collection

The names, graduation dates, and SSNs of school graduates were obtained
from NAVEOTRACOM TAS files. Visits were made to the schools between August
and November 1980 to obtain data on course eraduates. At the schools, data
were manually recorded from class records and entered on worksheet forms for
subsequent entry into computer files. Data recording was accomplished either
by TAEG project staff or school SMEs functioning under general TAEG supervision.
Information recorded, consisted principally of end of course grades and time
to complete training. Where available, other measures of training effectiveness/-
efficiency were also recorded. These uther measures included numbers of academic
remediations and setbacks, and numbers of additional hours of instruction required
Cost data were obtained from CNET.

Training adequacy ratings and questionnaire task statements were obtained
from the CNET Training Aporaisal System (TAS) Data Bank. The data included
the fleet supervisors' TAS ratings for each graduate (i.e., 1, 2, 3, 4 or 5)
on each skill/knowledge item of the course feedback questionnaire, and the
mean TAS rating (computed over all items of the questionnaire) for each graduate
of the course. The twelve ASVAB subtest scores of each graduate were also
obtained from the CNET TAS data base (or the student master file when necessary).
During school visits, assigned SMEs classified the items on the TAS questionnaires
into the generic task categories. Their classifications were also entered
into the data base.

Data Analysis

Analyses of training effectiveness and training efficiency data were conductel
on four different groupings of the courses in tne study. These groupings are
shown in table 3.

First Anallsis. The first analysis wsas based on data of i9 single-phase enlisted
"A" schools. The purpose of this analysis was to investigate possible differences
between conventional and individualized instruction across courses as well as
to assess interrelationships with the two other predictor variahles (i.e.,
student ability level and type training task).

Second Analysis. The second analysis was based on data of two dual-phase enlisted
"A" schools. In these schools, enlisted personnel received a different method
of instruction in each phase of thi-' civ%. A major purpose of the second
analysis was to investigate the possibility of transfer effects between methods
of instriction within the same group of graduates.

Third Analysis. The third analysis was based on data of two single-phase officer
courses. Both officer courses nominally presented similar subject matter but
each under a different metnod of instruction. Thus, the purpose of the third
analysis was to investigate possible differences in methods of instruction
between the two officer courses when trainirg content is held "constant."

Fourth Ana!sis. The fourth analysis was based on data obtained from all the
courses included in the previous three analyses plus three basic, pre"A" school
courses. The purpose of the fourth analysis was to provide an in-depth investiga-
tinn nF tr ti% ý-ýicnýicy and/or effectiveness within each course studied.



The findings from the first analysis are presented in the subsequent paper
in this volume by Freda, Hall, and Ford. The findings of the other analyses
will be contained in reports currently being prepared by the TAEG.
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.0 RELATINC SELECTION PREDIcTIoss TO ATTRITION
14 TIM BlITTD•S IFANTRT

0C L RKeton, Army Personnel Research Eatablishment,
Famaborough, Rants. UK

C:

The current selection system for non-officer ranks is described vith

details of previous validation work. Typically low non-significant
correlation coefficients were obtained with Infantry groups. Current
work in this area is severely hampered by the lack of suitable criteria
but strategies for overcoming this are under discussion. Length of
service was correlated with selection results for an Infantry group and
no correlations could bh demonstrated. Howver, data used show that
exit rates are dependent on individual training depots. The effects of
civilian unemployment in depressing wastage directly and indirectly
(by raising the ability of serving soldiers as a population) are discussed. r
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P.IATINGC SnCTION PREDICTIONS TO ATTRITION D1 THE IRTTISH IrPANTRY

nqTtODUMON

1. The initial ain of this research was to evaluate the validity of the
tests currently used to select Infantry soldiers in the British Army.
HBowever, due to problems associated with the availability of suitable
criteria for these purposes, the data collected, was used for a second
purpose, that of examining the wastage rates from two comparable
Infantry training depots. Unemployment, a key factor in this instance,
is also relevant in any discussion of the recruitment pool and
consequently test effectiveness. These three topics, validity. attrition
and unemploy•ent are therefore the main areas discussed in this paper.

BACKGRtOUH

2. The British Army was established as en all-volunteer force from 1960.
In recent years ' recruitment taV.ets have been set around the 20,000 mark
(man. mu and junior entry) though, due to the current economic climate

taTgets are currently set much lower to offset a decline in the attrition
rate. In 1971 a centralized selection system was set up and recruitmnt
and selection is now seen as a two stage process. Recruitment, career
guidance and initial selection are carried out at the local Army Careers
Information Offices (there are approximately 170 of these distributed in
major towns and cities in the UK). Subsequent allocation to one of the
180 eap.oyments for Adult males is made at the ýnetralized selection centre
on the basis of results from psychometric tests (pencil and paper achievement
and reasoning tests). interview, medical and fitness teats. Final allocation
is dependent on there being vacancies to match the applicant's level of.
ability and expressed choice.

3. Infantry soldier is just one of the employments ti,.h my be chosen and
subsequently allocated. Approximately one tlird of a year's intake will be
elocated as Infantry soldiers. The selection requirements in terms of test
scores required are comparatively low, and the distribution of ability is
somewhat skewed, as is shown below.

Distribution ,o Ability Entrants

U flI o ....
-SM

ability



VALIDATION

4. In 1976 a study vas undertaken by Killcross at al to determine the
validity of the five battery tests in use at that time. Training criteria
were used in this instance. The coefficients produced for different Army
groups (Infantry, Royal Artillery CPA), Royal Corps of Transport (RCT),
Royal Ingiseers (RE) and Royal Armoured Corps (RAC))are shoe below.

Validfty of Battery tests with diffbret

"Army groups

Validit•wi
-multlple R

II

Inf RA RCT RE RAC

As can be seen the validity coefficient for the Infantry is lower than
that for the other Arms and Corps investigated. This difference may have
bean even greater if job performenae criteria were used, as one uvould
expect greater degradation of training from lover ability groups such as
the Infantry. Job content in the Infantry is also less closely related
to atteifment type tests than training criteria and possibly job content
of more technical trades, another reason shown by Ghiselli (1966) to cause
low validity coefficients.

5. Since this work was undertaken, the battery of 5 tests has been
revised. All the tests have been changed to consistent multiple-ehoice
format and the item content has been updated somewhat. The complete
battery came into use in January 1981. At this point the problems of
validating the revised tests were first noted. HRving 180 employmtnts,
each with different entry requirements. it is both time-consuming and
ineffective to manually match selection and training records for each
employment. It is essential that information is available for individual
training groups (different Arm end Corps undergo training of different
types and lengths) as the validity estimate produced for a composite of
mixed training groups way be much lower than for the individual training
groups themselves (Killcross at al 1976). The use of the Army's
computerised manning and records system as a data base for valida,ion is
an alternative approach.
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6. A co.plete listing of soldiers allocated to the Infantry for
November 1978 to October 1979 was obtained. As a ssmple, all those
allocated to the various regiments of the Prince of Vales Division were
selected. FrOm the computerised system, limited information was then
available. This included (in addition to personal details) details of
initial selection (an overall pradL only, so test-score details).
prmotion, specialist courses taken and exit dates. As a axios, a soldier
from our sample would have served three and a half years. pev had
achieved proontion or specialist qualifications. The only criteria
available was length of service. If a soldier has a three year engagement
and wishes to leave at that three year -point he most give notice at the
18 month point. Pror our data, we were therefore sware of the soldier's
plane to lente. even if he had not yet left.

7. It was not possible, in this instance to use performance on the
basic training aoures as a criterion, as detailed records are not
available, and the pus/fail criterion recorded is inadequate as all
those soldiers remaining in the Infantry do in fact pass. When the
results of individual test scores were correlated with length of service,
negligible coefficients were produced ranging from 0.01 to 0.05. This is
as would he expected, due to lack of relevance, of the predictor to the
criterion (Nagle 1953).

8. As has already been noted, the current economic climate has radically
affected the size of the recruiting pool. In the past, when recruiting
was more difficult, the selection ratio was very high and for the Infantry
was almost equal to unity(excluding those unsuitable on medical or security
grounds). Under these circumstances no test will operate with peat
efficiency and in fact there may be little point in using the tests at all
(Taylor and lussell 1939). Now that the selection ratio is more favourable.
the validity of the tests becomes more important. Recomeendations for
changes to the records system, which would allow suitable selection and
training data to be stored, are currently under discussion.

ATTRITION

9. The data analysed. did however. show variations of interest.
The Prince of Wales Division consists of a umber of regiments, each
recruited in a different area of the country. SHme of the regiments
receive their basic training at the Prince of Wales training depot at
Crickhowell, South Wales, others at the second Prince of Vales depot at
Lichfield in the hidlands. Differences in attrition rates between
Divisions of the Infantry has already been demonstrated in an earlier phase
of this project. Wastage rates varied from 20 - 502 for different divisions
(1979-80 figures). Nov, further analysis has revealed differences between
depots within a division.
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POW Division
Length of Service

-so

E, ]_ Lichfield

? -m Crickhowell

Percent 6

leaving
4

2

0 1 2 43 4 5 178 9"Iv11'14''15 
36

Length of Service (months)

i0. The pattern of wastage Ls, in fact, typical of the British Army as

* whole. During the first 6 months of service the recruit has the right to

leave the Army either free or on payment of a nominal sum. This period

covers the tine spent in basic training. After the 6 month point the Sum

payable is much increased, and few people leave of their own choice until

the 3 year point, when their engagement may run out. The majority of the

sample studied Mere in fact on 3 year engagementt and most of those who

remain after 6 months decided at soae tine during their first year to extend

their engagement.

I). Great differences between the two training depots are also ev'dent.

Overall, attrition was far greater for soldiers trained at Lichfield

(502 compared with 34Z of Crickhowell trained soldiers). There are two

areas of importance, firstly, the period covered by initial Cbasic)

training at the depot itself (first six months) and secondly the numbers

leaving (or having given notice to leave) at the three year point.

ln considering training wastage, it is not yet possible to separate the

overall effects of axternal and internal factors. Work carried out in

the Netherlands (Tromp, 1981) suggests that soe proportion of wastage is

dependent on the attitudes and instructional regimes of the training depot

staff. These are internal factors. Work carried out in the UK (Dennison 1981)

further relates wastage to civilian unemployment, an external factor. HUoevsr,

vhen examining subsequent attrition. it is likely that, now the training depot

is no longer influential, civilian unemployment is a major factor.

12. The link between civilian unemployment and attrition is obvious -

us unemployment rises, fever people leave the Army as of choice. During

1980/81 unemployment has risen steeply in Britain and currently stands at

about 12% of the working population.
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Unemployrment levels in UK
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13. Vaste is affected both directly and indirectly by unewployment
rates. The direct effect to illustrated by the CrickhavellILichfield
differences. Soldiers originally trained at Crickhotell cow from Wales,
Devon and 1torset, Avon and Gloucestershire. Lichfiuld traiped soldiers
originate from the Midlands and the South of England. naese recruiting
areas a-e &Toso below.

Prince of Wales
Divisional

Recruiting

Area

• Lichfielk
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14. These regions have difefring lene. of 'ms1oyaynt a shown below,

AP

M.

..~st *' -••'-1 1-

Ij

A or r Ao 0s1

Overall, the Liclfield depot trains Men from areas which have experienced
lower unployment over the past 3 years than those areas recruited to
CrickhoWell. We would expect attrition, especially at the three year point
to be closely associated with regional unemployment. This effect would
be even stronger if individual regiments, drawn from one ares only, were
considered.

15. The effect of unemployment will be found throughout the initial
training period in addition to the internal effects of the depot iself.
Unazoployment also effects the system indirectly. Increasing unemploymoent
is one factor which improves the quality and quantity of applicants coming
forward, as shown by Bellany (1978). This improves the selection ratio
and therefore effectivenesm of any testing procedure (Taylor and.Russell 1939)
and increases the proportion of brighter candidates in the recruitment pool.
Such a change has been observed over tine in the British Arzy.
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I
It follow that a higher ability inakeh will, over time produce fear losses.
This effect, will of course, operate with a e ie tapse ad may be making

17. Thoug previous research has been problematic and has produced only

low validity coefficient., it Is important to evaluate and monitor on a
regular basis, the validities of selection tests. particalarly, as is
currently the case, ir tines of favourable selection ratios, Length of
service is an insdequate criteria for this purpose. Unemployment has affected
both recruitment to, and watage from the Army, and local .ewloymant effects
should be ta%@= into account in a model which attempts to explain retention
issues, in addition to factors in operation within the individual training
depots. It is important to draw methodological conclusions in this instance.
A broader approach to validation problems should be adopted as potentially
useful data may otherwise remain untapped.
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Hicks, Jack M., US Army Research Institute for the Behavioral and Social
Sciences, Alexandria, Virginia. (Tues. P.M.)

-- Counter-Attrition Programs in the US Military

,4Of special interest were "counter-attrition" programs in the
US Military, whether in the conceptual, research, development, or
operational stages. This review included the US Army, Navy, Air Force,
Marine Corps, and Coast Guard. Attention was addressed to any strategy
or mechanism intended to reduce undesirable attrition in a military
environment. Both up-front and downstream programs were scrutinized.
Programs addressing such major issues as realistic expectations,
transition from training to unit, and unit disillusionment were con-
sidered. Of interest were pre-military preparation, coping skills,
behavioral modification, continuing education, retraining, moti-
vational adjustment programs, counseling, use of post facilities, unit
cohesion strategies, and the like.

CThe primary data gathering tool was the personal and telephone
interview. Considering the exploratory nature of this investigation,

CZ • the interviews were of an unstructured nature. Maximum latitude was
permitted to allow for expression of strongly held opinions, and
"relevant sources of expertise. -.

0
/0
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Paper presentation at the Annual Meeting of the Military Testing Association,
Arlington, VA, October, 1981.

COUNTER-ATTRITION PROGRAMS IN THE MILITARY

Jack M. Hicks
U.S. Army Research Institute for the Behavioral and Social Sciences

High first-term enlisted attrition rates continue to be a major
concern in the U.S. Military. The purpose of this paper is to create
increased awareness of three categories of military programs which
either presently demonstrate, or show promise of impacting significantly
upon the enlisted attrition. Programs will be described which represent
(a pretralning, (b) realistic expectations, and (c) retraining.

The military pretraining programs to be represented are not primarily
designed to counter attrition. They are programs conducted by the Army
National Guard which combine Guard recruitment with job preparation and
placement. These programs, however, show sufficient promise in lowering
attrition to warrant representation in this discussion.

The first of such programs began in Oakland, California approximately
4 years ago. It was, and still is, designed for unemployed, and economically
disadvantaged youth, 17-22 years of age. The basic attraction to the
Program is the enhanced opportunity for a job. In order to get the help
needed to acquire that job, one must graduate from a 10 week military
preparation program and sign for a six year Guard obligation. The
greatest emphasis in the Program of Instruction (POI) is given to military
skills and basic literacy skills, but also career assessment and pre-
employment training. The miltary skills component is primarily physical
fitness training, drills and ceremonies, and military field trips.
Basic skills training consists mostly of reading, writing, and mathematics,
but with some "survival training." Survival training places a heavy
emphasis upon the importance and value of commnunity awareness and service,
"banking," "nutrition," "cultural studies," and other fundamental education.
Career assessment takes up one (1) week of the program, and consists of
testing, evaluation, and vocational counseling. Pre-employment training
occupics about 1½ weeks and addresses a plethora of concerns such as how
to complete an application form, how to prepare a resume, how to conduct
oneself in an interview and on the job, and introduction to selection
tests used by employers, and the like. The Program focuses upon the
development of coping skills for employment and military settings,
discipline, civics, teamwork, and the skills to pass the Armed Services
Vocational Aptitude Battery. All of this adds up to $1500 to $2000 per
pupil. Perhaps as few as 20% of the applicants are accepted. Of this
20%, approximately 50% graduate. Rejections and failures derive primarily
from substandard literacy skills, and negative attitudes toward the
military. At least 90% of the graduates successfully meet Army screening
criteria, and proceed to Basic Training. Of interest for the active
Army is that there has baen only about a 10% attrition rate among such
pretrained recruits throughout Basic and Advanced Individual Training
(AIT). Non-pretrained recruits have attrited at approximately double
that rate during the full training phase. Also of potential interest is
that nerhns. as many as 1Y/ indicate that they would prefer to remain
with the active Army rather than return to their communities and fulfill
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their AEnG obligation. At present, upor successful completion of Army
training, the new Guardsmen return to their community where they will
receive help in getting MOS-related jobs, and attend monthly drills, and
summer training. To private sector employers, perhaps the most attractive
feature of the Program derives from the credibility of military training.
Employers appear to be more willing to hire a youth who has demonstrated
the discipline assumed to be required to successfully complete Basic and
AIT. At present the original Oakland program has been adapted to Los
Angeles and Sacramento, California, Seattle, the tri-city area in Washington
state, and Milwaukee, Wisconsin.

Realistic Expectations. The military has made several zecent audio-
visual efforts specifically designed to provide new recruits with a
heightened awareness of what the military will be like and how to deal
with it. It has been hypothesized that enlisted attrition should in
some degree be inversely related to such increased awareness. The first
of these effnrts was conducted by the Marine Corps (circa 1978). An 80
minute color video tape was developed jointly by a private contractor
and the Training Support Center of the USMC Parris Island Recruit Depot.
The film is considered a Realistic Job Preview (RJP), attempting to
provide recruits an accurate portrayal of what life in the Marine Corps
would be like. It includes footage from all phases of recruit training
complete with voice overs and interviews. The film was evaluated by
Homer, Mobley and Meglino (1979) based upon its viewing by 678 Parris
Island male, first-term, enlisted recruits. It was shown after swearing
in, during the second full day at the Recruit Depot. Results did not
show a signficant association between film viewing and attrition by the
end of training, but did so in the hypothesized direction after 6 months
and 12 months.

It would be of interest to have the evaluation of the above film
replicated by an independent research group. Such an independent evaluation
was conducted in regard to a San Diego (Navy) version of the Marine
Corps film. The San Diego film involved the same contractor, and was
produced by the Center for Naval Technical Training in 1979. It is
"approximately 1 hour in length and shows actual Navy enlisted recruits,
Dls, chow lines, obstacle courses, and the like. No professional actors
were used. The evaluation of this film showed no significant differences
in attrition rates between those (n-i049) who viewed the film and those
(n-1002) who did not (Lockman, 1980). Similar "no impact" findings have
been reported by a recent initial evaluation of a Great Lakes version of
this film.

An additional Navy effort is a 20 minute recruit "coping skills"
film (Sarason, circa 1979; personal communication). The film content
focuses upon "(a) what to expect, (b) how you may feel, and (c) what to
do." Again, initial evaluation has shovn no impact upon attrition. A 6
month follow-up of this film is forthcoming.
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More recently, the Army has developed realistic expectations and
coping skills films. The realistic expectations film is a 28 minutc
color video-tape providing information about the content of Basic Combat
Training (BCT). It consists of fou. components: Introduction, Weapons
Traitning, Individual Tactical Training, and Necessary Testing Activities
(I WIN). This videotape, like the othurs, shows actual rituations,
though it concentrates on training. Though it has a professional narrator,
all participants are actual on-site personnel at Ft. Jackson, South
Carolina. At present, the film is operational at all Army installations
where purely iCT is offered. It is either shown within the context of
the reception center or slightly later in the BCT unit. It has only been
very recently that this film was made operational, and no evalnations
are available.

Retraining. Of particular interest in this paper are enlisted
retraining programs. These are basically interventions which perhaps
represent Lhe closest device the U.S. Military presently employs toward
the establishment of counter-attrition programs, per se.

Of primary interest are programs designed for marginal performers
and/or problem personnel who show potential for development into productive
soldiers or sailors. The most comprehensive and established of such
programs at the present time is the U.S. Army Retraining Brigade (USARB)
at Camp Funston, Ft. Riley, Kansas. The original USARB Program, known
as the Army Correctional Training Facility, became operational in 1968.
It represented a landmark for the Army correctional system due to its
emphasis "upon systematic restoration and utilization of potentially
wasted manpower." (USARB Annual Report, 1980). During its first 4
years, the Correctional Training Facility received over 23,000 prisoners
from Army stockades worldwide and returned over 19,000 for subsequent
service.

Physical training is the feature most emphasized in the present
USARB POI. It is deliberately designed to exert sustained physical and
mental stress withip a spartan military environment. Mental stress is
generated from continued observation, daily evaluations on a variety of
dimensions, peer pressure, and high performance standards.

USARB graduates are given a special Enlisted Evaluation Report (EER)
after 6) days in their new duty assignments. Of 457 FY80 graduates
returned to duty, 71% were rated as promotable immediately or ahead of
their peers. Only 10% were rated nonpromotable. This seems a remarkable
turnaround considering that only about 4 months previously, these individuals
were awaiting court-martial in an Installation Detention Facility (or
stockade).

A significant outgrowth of USARB, is a co-located program at Ft.
Riley called the Individual Effectiveness Course (IEC). This program
became operational in 1977 and is significant in that it has served as a
model program for light offenders who are regarded as having potentiAl
for productive duty. The IEC is distinguished from USAKE in that it
is for Ft. Riley enlisted personnel only, is a non-confinement fa~ility,



and is designed to counteract maladaptive propensities before significant
punishable offenses actually occur. The POT is 6 weeks long and otherwise
is very similar to USARB. There may be as miiany as 50 trainees in each
class, who may or may not graduate. Recommendations as to retention or
elimination are made to the unit commander in each individual case.

In a study of 197 IEC trainees, 54% graduated and returned to duty,
40% were recommended for various administrative separations, and 6% were
lost through AWOLs or medical profiles. At initial referral, unit
commanders indicated probable actions to be taken within 30 days if the
soldiers had not been admitted to the IEC. Predicted actions were 33%
Expeditious Discharges, 32% Chapter 13s (unsuitability), 27% miscellaneous
transfers and administrative separations, and 8% Article 15s. That is,
some punitive action was expected for all 197 trainees. Fifty-four percent
of these 197 graduated from the program, an:d returned to duty. As with
USARB, EERs were conducted for these graduates 60 days after returning
to duty. In terms of advancement potential, nearly half were rated as
promotable immediately or ahead of their peers. This seems to stand in
marked contrast to the above dim prognosis prior to IEC training.

A counterpart Navy program became operational in 1979 after having
carefully studied USARB and the IEC. This program, called the Behavioral
Skills Training Unit (BEST) is located at the Naval Amphibious Base in
Little Creek, Virginia. It is shorter in duration than the IEC - 4
weeks instead of 6--but again heavily emphasizes physical training such
as daily distance running, an obstacle course twice weekly, and group
sports. Additional emphasis is placed upon individual and group counseling,
goal setting, and academic advancement. The mission of BEST is to
provide behavioral skill training to low and marginal performing first
term enlisted personnel that will enable them to successfully complete
their obligated service. Criteria for admission include no disciplinary
action pending, at least 2 years of active obligated service remaining,
and the potential to complete enlistment, but unlikely to do so given
the present demeanor and record of achievement.

As of June 1981, BEST had enrolled 47 classes, averaging approximately
24 each, for a total of 1145 trainees. C chese, 86% graduated, with
the remainder either failing the prograr being returned to their
Command. All participants, including r raduates, are evaluated at 6
qnd 12 month intervals subsequent to BE. training. Of 700 6 month
evaluations, 69% were rated as performing d\ rage or above. Six months
prior to BEST training, 78% were awarded non-judicial punishments and/or
courts martial, whereas 6 months after BEST, only 33% received similar
punishments. Twenty-two percent have received recognition for outstanding
performance, and an additional 22% have been promoted at least once.
The 12 month evaluations reveal a similar pattern, with even greater
percentages (79%) having received recognition for outstanding performance
or at least one promotion. Again, as with USARB and the IEC, a dramatic
turnaround seems indicated.
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An additional Army program clearly shows promise as a potentially
productive counter-attrition program. This program, called the Intensified
Training Unit (ITU) is co-located with the Installation Detention Facility
(stockade) at Ft. Carson, Colorado. The ITU seems uniq'ie at the present
time in that it may be the only Army Correctional Custody Facility (CCI)
dedicated to a retraining rather than a work detail orientation. Again,
USARB and the IEC served as models for the development of the ITU POI.
The POI is 30 days, and is consistent in content and objectives to programs
already described. The ITU received its retraining mandate in 1978 as a
part of an effort by the Ft. Carson Law Enforcement Command to upgrade
its correctional program to a more remedial as opposed to custodial
format. Like other CCFs, the ITU is a non-confinement unit, providing
for close supervision over soldiers -'ho commit minor infractions. A key
limitation, at present with the ITU, is that a punishable offense is required
for admission. A review of statistical data maintained for a three
month period in 1978 showed that of 67 correctees who completed the ITU
and returned to their units, 42 have since received performance ratings
of good to outstanding. More substantial data are needed for a complete
evaluation of the effectiveness of the ITU, but preliminary indications
suggest positive outcomes similar to previously described programs.

Other similar programs could be mentioned that now exist, or are
getting under way, throughout the Armed Forces. The above programs are
among the oldest, best established, best evaluated, to date. There are
indications that such programs are proliferating at the local level. The
ITU, for example, has sent packets of information to at least a half
dozen interested installations thus far. Both the Defense Audit Service
and the Army Audit Agency have made their own analyses of several of the
above programs--both concluding cost-effectiveness and recommending
expansion.

6.2
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TREND ANALYSIS AND PROJECTIONS OF THE POPULATION AND RACE/SEX COMPOSITION

OF THE FEDERAL CRIMINAL INVESTGATING SERIES

Hannah Rothstein Hirsh
Personnel Research Psychologist
Personnel Research and Development Center
Office of Personnel Management
Washington, D.C. 20415

Data on the Federal Criminal Investigating Series were taken from the
Central Personnel Data File (the main repository for employment historyQ and demographic information of Federal civilian employees), for
1977-1980. Four year trends in the size and race/sex composition of the

Sfull-time series population were developed, It was found that the total
population size was rather stable during the past four years, but that
various race/sex groups experienced considerable growth or decline.

The trend data were used as the basis of projections for the 1981-1985
period. Among the assumptions upon which the projections were based was

Sthat the 1981-1985 period would be similar to the preceeding four years;aprobable divergences were pointed out, and their effects speculated upon.

SThe usefulness of data such as those examined in this paper for
purposes of forcasting and human resources planning was considered, and
determined to be positive, if incomplete. .)A
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nata Source

Except where otherwise noted, figures in this report are based on the entire
population of criminal investigators working in the United States during
1976-77 to 1979-80. Records of all full-time permanent employees of the
criminal investigating series contained in the Central Personnel Data File
(the main repository for employment history and demographic information of
civilian employees of the Federal Government) were included in the data
analyses. Thus, obtained figures are more properly regarded as population
parameters than sample statistics. Among other things, this renders the
use of tests of statistical significance largely inappropriate.

It should be noted that any yearly figure is as of June 30 of that year;
a one year period is from July 1 of a year to the next June 30.

This paper focuses on total population and on race/sex composition, but it is
part of a larger study which also examines other demographic characteristics ,and
personnel dynamics such as accessions, losses and inter-occupational movement.

Employment in the 1977-1980 Period

Population Changes

Total Population. Data from the Central Personnel Data File (CPDF) indicate
that the number of full-time permanent employees in the criminal investigating
series changed very little in the three years from June 30, 1977 to June 30, 198G.
As Table 1 shows, the number of full-time permanent employees on board on
June 30, 1980 was 19,064. This is less than one percent larger than the
June 30, 1977 figure of 18,920. Changes across one year intervals were never
greater than 1 1/3 percent (which was the amount of increase between June 30,
1979 and June 30, 1980) . The average yearly change in the total-full time
permanent population of Federal criminal investigators was .28%.

Table I

Full-Time Permanent Employees in the Criminal Investigating Series, 1969-1972

and 1977-1980

Series Totals

June June June June June June June June
1969 1970 1971 1972 1977 1978 1979 1980

14,015 15,196 16,834 18,852 18,920 18,734 18,806 19,064

Percent Change

1969- 1970- 1971- 1969- 1972- 1977- 1978- 1979- 1977- 1969-
1970 1971 1972 1972 1977 1978 1979 1980 1980 1980

8.4 10.8 11.9 35.0 .36 -. 98 .38 1.37 .76 36.0
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Table I also compares the number of full-time permanent employees in this series
"during the three most recent years to the series population during the period
June 1969-June 1972 (U.S. Civil Service Commission, 1973). The two sets of
figures are not exactly equivalent since the data from the 1969-1972 period
is an estimate based on a sample of all General Schedule employees in the
criminal investigator series. The small number of non-permanent full-time
employees, however, increases the comparability of the two sets of figures.
It can be seen from the information in the table that the years 1969-1972 were
years of growth for the criminal investigator series, with an average annual
increase of 10.4%. The difference between 1972 and 1977, however, is .36%, or
1/3 of one per cent; and the change in the criminal investigator population
between June 1969 and June 1980 of 36% is only one per cent greater than the
35% change between June 1969 and June 1972. These data provide support for
the claim that the total population in series 1811 has been relatively stable
for the past few years, although it is possible that fluctuations in different
directions between 1972 and 1977 balanced out to present a picture of seeming
lack of change. (Directly comparable data, i.e. series totals as of June 30
1972-77, are not available. The series population totals which are available,
as of October 31 of the relevant years, cannot be compared to the June figures
because of seasonal differences).

Sub-groups. Although the population as a whole displays considerable stability,
there is a good deal of variability in the numbers and proportions of
different race/sex sub-groups. Table 2 presents these data for the years
1977-1980. It is obvious that the occupants of the criminal investigator
position are overwhelmingly non-minority (91.7% in 1980) and male (96.1%
in 1980). Nevertheless, an increasing number of women and minorities have
entered this occupation since 1977, while the proportion of non-minority males
has decreased by about 4%.

As Table 2 shows, in 1977 the population of criminal investigators in the
Federal service was 98.4% male, and 94.1% non-minority. By 1980 these
figures had decreased to 96.1% and 91.7% respectively. There has been a
slight decline in the proportion of males each year, as well as in the
proportion of non-minority employees, due entirely to a decline in the
proportion of non-minority males. From 1977 to 1980, there has been an overall
increase in the number of females of 150%; the average yearly increase was 35.92%.
The total proportion of women in this occupation, however, remains low--
3.9% as of June 1980. The increase in non-minority females has been 152.55!
overall, with a yearly average increase of 36.41%; their present total
proportion is 3.4% of the total series population. The increase for minority
females has averaged 32.77% annually, for a total increase from June 1977
to June 1980 of 135.71%. The current proportion of the series population
represented by minority women remains quite small-- about .5 percent. Total
minority representation has increased by 42.95% in the period 1977-1980,
averaging 12.73% a year. The current proportion of minorities is 8.3%.
The increase for minority males is also consistent with this general trend.
The overall increase was 39.31%; the average yearly increase 11.77%. The
proportion of minority males in the total series has increased from 5.9%
to 8.3% between June 1977-June 1980.
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Table 2

Proportions of Full-time Permanent Criminal Investigators Belonging to
Various Race/Sex Groups, 1977-1980

Series Population

Number Per cent of Population*
1977 1978 1979 1980 1977 1978 1979

Male 18,623 18,319 18,281 18,321 98.4 97.8 97.2 go

Female 297 415 525 743 1.6 2.2 2.8

Non-Minority 17,812 17,550 17,422 17,480 94.1 93.7 92.6 91

Non-Minority 17,557 17,192 16,973 16,836 92.8 91.9 90.2 88
Male
Non-Minority 255 358 449 644 1.3 1.8 2.4 3
Female
Minority 1,108 1,184 1,384 1,584 5.9 6.3 7.4 a

Minority 1,066 1,127 1,308 1,485 5.6 6.0 7.0 7
Male
Minority 42 57 76 99 .2 .3 .4
Female

* Percentages may not add up to exactly
100% due to rounding

Per cent Change

1977-1978 1978-1979 1979-1980 1977-1980

Male -1.63 -. 21 .22 -1.62

Female 39.73 26.51 41.52 150.00

Non-Minority -1.47 -. 73 .33 -1.86

Non-Minority -2.08 -1.27 -. 81 -4.11
Male
Non-Minority
Female 40.39 25.42 43.43 152.55

Minority 6.86 16.89 14.45 42.96

Minority 5.72 16.06 13.53 39.31
Male
Minority 35.71 32.33 30.26 135.71

Female
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Employment Projections to 1985

About Projections

Projections are used to provide information about the future growth or
decline of a population. A projection does not necessarily represent the
"best guess" about, or most probable estimate of, a population at a given point
in the future; rather, it is a picture of the population based on a set of
assumptions dnd hypothesized relationships which are more or less likely.
Thus, some projections may be quite unlikely to occur, but are made to illustrate
a "what-if" situation of theoretical importance; others are based on what the
author of the projection believes to be the most probable future occurrences.
This latter class of (most probable) projections are properly termed forecasts.

Because the accuracy of assumptions is not always certain, and because
the assumptions underlying a projection have such a great effect on the
projection, it is considered desirable to develop more than one set of
projections of population change. For example, a series of projections recently
released by the Bureau of Labor Statistics (Fullerton, 1980), displayed three
labor force growth scenarios for the period 1985 to 1995. High, intermediate
and low growth projections were made which reflect different overall participation
rates for males and females, blacks and whites, for the four major race/sex
sub-groups, and for different age groups. The participation rates assumed for
each scenario were, in turn, based upon three (high, middle and low) series
of projections of general population change produced by the Bureau of the
Census.

For peneral population projections there are three major components of
population change about which assumptions are typically made: fertility
(births), mortality (deaths) and migration (population movement into and out
of the area). Projections may reflect assumptions about how these factors
will change, combine or intereact to affect the future population. For labor
force studies, such as the present, assumptions may be made about accessions,
separtions and migrations between jobs or occupations, as well as about total
labor force participation or size.

Assumptions and Components of Projections in the Current Study

Because of severe limitations in the data resources available to the current
project, It was possible to make only very simple projections of future
changes in the population of the 1811 series. The projections of series
and sub-group populations and of their demographic characteristics are based
on the assumption that the trends of the recent past (1977-1980) will continue
during the period of projection (1981-1985). In other words, it was expected
that the rate of change in the population during 1981-1985 will be similar to
that experienced during the past four years. Furthermore, contributions of
changes in each of the three major components of population change (namely
accessions, separations and occupation changers) are not used as the bases
for assumptions about total series population change. Rather, total population
change is projected on the way the total population changed in the recent past.
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Accessions, losses and occupation changers have been examined individually
in another part of this study and projections of their futurt growth a~e made.
These data are not, however, then used to "correct" or revise the population
projections presented in the first half of the report. This is one limitation
of the present study.

A major risk involved in using average growth in the period 1977-1980 as
the basis for projections for 1981-1985 is that the base period may have been

atypical or unusual in some way. For example, the active recruitment of females
and minorities during the base period may have lead to a higher proportion of
female and minority criminal investigators than would be the case under other
conditions. Active minority and female recruitment may not continue through
the 1980's. A parallel but opposite risk is that the period of projection may be
one that departs from even long-standing trends in the target occupation because
of changes in the external environment. Thus, severe budget constraints, which
appear to be the trend of the future, mey interfere with the past pattern of
population change. To the extent that the 1981-1985 period differs in any
component of population change from the 1977-1980 period, the projections
made in this report may diverge from actual trends.

Development of Projections
Two methods of making simple linear projections of series population and

race/sex composition based on the CPDF data reviewed above, were tried. One
method, which was based on the average annual proportion of change, resulted in
a bloated population figure, and severe disparities in projected population
size depending on whether the projection was based on growth of the total series
or growth of individual race/sex sub-groups . This method was rejected as
unrealistic. The other method, which was based on the change in average annual
population frequencies, produced a scenario with slow overall growth and more
rapid, but contained growth in the number of minority and female criminal
investigators. This second method was viewed as more realistic, and was
used as the basis for further projections. The two methods and their outcomes
are discussed in more detail below.

The Proportions Method. Figures projected by this method are based on the
assumption that changes in population in the series, and among its subgroups in-
cluded in the report will continue to increase or decrease by the same percentage
as in previous years. Using this method results iii two widely different figures
depending upon whether the series population projected for 1985 is based on the
average annual proportion increase in the series as a whole during 1977-1980,
or based on the sum of projections made for the amount of growth in each of the
four major race/sex sub-groups. Projections for each of the sub-groups are
derived from their individual average annual proportionate growth. The projected
population size, based on the increase in the series as a whole is 19,314. The
projected population size for the total population built up from projected
increases in each of the four sub-groups is 24,099. The sum of the parts are
rather anomalously larger than the whole. This is obviously extremely
problematic, and argues against using this method for making projections.
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The reason for the discrepancy is that the population as a whole had a low
average proportionate increase, but the various sub-groups had widely different
growth rates which this method does not "force" to stay within a limit set by
the total. In particular, minorities and females had rather high rates of
growth, while non-minority males had a low rate of decline. Since the minority
and female sub-groups are so small, even a slight numerical increase results
in a rather spectacu ar proportionate increase. For example if, in 1977 there
were only 100 female investigators, an increase of 25 new female investigators
represents an increase of 25 per cent. The next year, the expanded base of
125 female investigators would require about 30 women to achieve a 252 increase;
the third year's base of 155 would require about 37 women to achieve a 252
increase and so on. Thus, as the base population expands, the same numerical
increase each year would yield a declining rate of increase; to sustain the
same rate of increase requires ever larger numerical growth. As the numbers
of females and minorities begin to swell, it becomes more unlikely that they
will actually sustain the rate of growth predicted by this projection. It is also
extremely unrealistic to expect the series to reach a size of 24,099 by 1983;
thli is a 27% expansion which is not consistent with any of the other projections
in the report. It is more likely to assume that real growth will be closer to the
figure of 19,314 calculated from the single total population figure, and that the
potential growth in any individual sub-group will be necessarily limited by total
series population growth. Figures generated by this method are shown in Table 3.

This method was rejected as a basis of making projections of series change
because the resulting figures were so problematic and unrealistic. The data
produced from this method of calculation, do however, serve one function. They
indicate that it is extremely unlikely that the present rate of growth of
minorities and women in the 1811 series can continue unabated.

Table 3

Discrepancies between Projections of Criminal Investigator Population when
Calculated for Total Series Population, or as a Sum of Sub-groups, based

on Proportions Method

Nor-Minority Non-Minority Minority Minority Total from Total
Male Female male Female Sub-groups Calculated

Indep.

Average
Annual 2
Increase
1977-80 -1.37 50.85 13.10 45.24 .26

Projection
of Pop.
to June
1985 15,715 + 4,993 + 2,749 + 642 = 24,099 19,314
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The Frequencies M-ethod

Total population. This series of projections is based on the average
numerical change in population or sub-population over the past three years.
The average annual frequency by which the series, and each of its race/sex
sub-groups increased or decreased during 1977-80 is projected as the
future annual increase or decrease.
For example, female criminal investigators have increased at an average of 149 per
year for the past three years (although the actual numbers have varied from
year to year). To make the projection, the number of females in 1980, which
was 743, was used as the base. For each year included in the projection 149
females were added. Thus, it is projected that in 1981 there will be 842 females,
in June of 1982 there will be 1041 females, and by June of 1985, there will be
1488 female criminal investigators. Similar projections were made for all
four race/sex sub-groups included in this study. As Table 4 shows, if present
trends continue, it is projected that the 1985 population of criminal investigators
will total 19,304. This is less than 1Z greater than the June, 1980 series
population of 19,064 . Males will make up 92.3% of this group, of which 81.0 Z
will be non-minority males. Of the projected 7.7% females, it is estimated
that only iZ will be minority females.

This method produced projections which appeared to be of realistic size
and internally consistent. The figures it produced were therefore accepted
for use in this project. This should not be taken as meaning that this set
of projections represents the most probable future events; their probability
or likelihood in comparison to projections others than those produced by
the proportions method discussed above has not been assessed.

Table 4

Projections of Criminal Investigator Population by Method of Frequencies
1981-1985

Average annual
increase 1977- June June June June June June
1980 1980 1981 1982 1983 1984 1985

( P R 0 J E C TI E D

Total 48 19,064 19,112 19,160 19,208 19,256 19,304

Male -101 18,321 18,220 18,119 18,018 17,917 17,816

Female 149 743 892 1,041 1,190 1,339 1,488

Non-Minority -111 17,480 17,369 17,258 17,147 17,036 16,925

Non-Minority -240 16,836 16,596 16,356 16,116 15,876 15,636

male
Non-Hinority 131 644 775 906 1,037 1,168 1,299
Ferral1e
Ninority 159 1,584 1,743 1,902 2,061 2,220 2,379

ainority Male 140 1,485 1,625 1,765 1,905 2.045 2,185

'inority Female 19 99 118 137 156 175 194
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Conclusions

This paper examined in detail two of several important trends in
the demographic characteristics and personnel dynamics of the criminal
investigating series during 1977-1980 which were studied by the author.
It is unfortunate that space and time limitations precluded an analysis
of the other demographic and personnel dynamics trends in this forum, but itis hoped that the few data which were presented capture the flavor of the
larger study from which they were taken.

It is believed that the systematic reporting of detailed Federal single-
occupation data is not duplicated elsewhere. Data on the demographic
characteristics of a series population, such as age, education and grade, as
well as on population size and race/sex composition, provide a historical
snapshot of the population for the period studied. In the present case we
have a picture of what the criminal investigating series looked like on
June 30 of each year from 1977 to 1980. Personnel dynamics data on accessions,
losses and inter-occupational movement, complete the picture by presenting
a panorama of the changes in the population during the period of study. It is
important to realize, however, that data such as those presented here are
a faithful representation of the actual composition and history of the pop-
ulation to the extent that the data bases on which they are based are them-
selves accurate. The accuracy of the present data bases, namely the Current
Status File and the Transaction History File of the Central Personnel Data
File, are dubious for some purposes, such as career tracking (Hirsh, 1981),
but appear to be sufficiently accurate and reliable for relatively macro
planning purposes such as budgeting or examination planning.

Knowledge of the demcgraphic characteristics of an occupation's population
as well as of fundamental characteristics of population change is a necessarycomponent of any workforce planning effort. It is also critical for making
informed policy decisions in other personnel related areas. This is true
whether one wishes to maintain or change current trends in the population
of the occupation. It is therefore intended that,in the future, we will
continue to analyze Federal-wide single occupation trends, and attempt toimprove the ways in which the resultant data can be used in the service of
human resources planning and decision making.
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The Strategic Wee System
Training Pr ram

Part II-Executive S neerig Group's Role --

SWS Personnel and Training Evaluation Program

Edward N. Hobson, Ph.D.
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ABSTRACT

This paper describes how an Executive Steering Group (ESG) built a "management team"
t-consisting of members from three organizations primarily responsible for the
Wevaluation and feedback component of the Strategic Submarine Force SWS Training
)Program described in Part I of this two-part presentation. PTEP (Personnel and
Training Evaluation Program) is the component within the SWS Training Program which
has a broad evaluation and feedback charter.

The ESG addresses policies, issues, and activities as they relate to the whole PTEP
evaluation responsibility within the training system. The variety, scope an- com-
plexity of PTEP evaluation repsonsibilities that must be carried out in a dynamic
environment require close coordination, frequent communication and periodic assess-
ments/status reports from those assigned major tasking.

This paper discusses the dynamic environment and the factors at work when ESG meet-
ings were instituted, describes the composition of the group, tells how actions are
assigned and tracked, and the contribution of the ESG to developing and maintaining
a functioning "management team" in support of the SWS Training Program. k
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INTRODUCTION

The Personnel and Training Evaluation nrogram (PTEP) is the evaluation component
within the SWS Training Program (described in Part I). By providing feedback to

all of the other training system components, PTEP makes the SUIS Training Program
a self-correcting system. PTEP procedures, structure, organiiation and informa-
tion handling systems were developed over a number of years and are constantly
being improved to meet and carry out the evaluation and feedback responsibilities.
These responsibilities include assessments of training facilities, hardware,

documentation, individual courses of instruction and overall knawledge and skill
of crew mewbers. PTEP collects and analyzes data from many sources; provides
reports; and, when appropriate, makes recommendations to those responsible ;or
individual crews, schools, instructors and .urriculux developers.

An effective evaluation and feedback system is esseaLial to the development

and maintenance of the SWS Training Program. PTEP evaluation is a continuous
process examining various aspects of the training system as data bases and pez-

sonnel change. New problems arise. New training courses are developed. Current
curricula is revised. Instructors and instructional steffs are rotated. Charac-
teristics of personnel entering the training pipeline change. New classes of
SSBNs are designed and built. Current SSBNs are barkfitted with newer systems,
and other SSBNs are retired. PTEP has a very important charter which equates
to a difficult and demanding set of responsibilities in a dynamic and ever
changing environment.

The evaluation methodologies, statistical analyses and basic testing philosophies
for the SWS Trainiag Program have remained relatively constant. However, the
changing environment and the multiple requirements lead to a competition fer
limited evaluation resources. And, the dynamics of this ¶T!P evaluation environ-
ment result in frequent realignments or project priorities. Therefore, managing
the PTEP evaluation efforts, coordinating separate but related assessments, and
communicating between and among the primary responsible organizations and agencies
became a very complex and demanding responsibility in and of itself. Hence, the
focus of this paper--to communicate how those responsible for SWS PTEP have made
Ž•t easier to do a better job while keeping responsible parties informed.

BASIC ENVIRONMENT LEADING TO FORM4ATION OF AN EXECUTIVE STEERING GROUP

The SWS Training Program was (and is) so dynamic that control, coordination and
communication of evaluations in this environment needed immediate and increasing

management attention. A suggestion to form an executive steering group was put
forth, accepted and the first meeting was planned in January 1981. An agenda
was developed, distributed, and expected attendees were notified.

There are three primary participants engaged in the day-to-day operations of PTEP
evaluation projects (The U.S. Navy Strategic System Program Office, Central Test
Site and detachments, and contractor personnel). These participants have, as one

might expect, different chains of command. They are geographically dispersed.
PTEP evaluation responsibilities continued to encompass personnel, the training
svsttem, hardware, management documentation and facilities. In this environment
one should not have been surprised to find that routine control, coordination,
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ýtad communication methods would have been strained to the limit. They were.
And in fact, there was a growing sense of frustration and even some doubt as to
whether all of the evaluation responsibilities assigned to PTEP could be managed
effectively.

It should be pointed out that the SWS Training Program takes evaluation very
seriously, is committed to evaluation as an intergral part of the system, and
relies upon a wide range of evaluations to help make management decisions
regarding the training and preparation of our strategic su" xarine force. For
example, during a five year period between 1976 and 1980 the SWS Training Program
conducted eighty-eight studies that produced 428 recommendations related to most
components of the training program, its operation, and the evaluation thereof.

It is important for one to realize the magnitude of the training program to under-
stand the complexity of the PTEP evaluation requirements. As of July 1981 the SWS

C Training Program bad a total of 180 courses. Ninety-five of these courses had

completed all five developmental phases and had been promulgated. The content
and conduct of these courses are considered stable. The eighty-five remaining
courses were in various stages of development. Eight were in Stage I (scheduling
planning), sixteen in Stage 3 (sample curriculum), forty-four in Stage 4 (pilot
course), and sixteen in Stage 5 (Revisions, final course). These conditions make
the actual conduct of evaluation and particularly the interpretation of the results
e-2n more difficult.

Another measure of the magnitude of PTEP evaluation responsibilities can be seen
from another set of data. Approximately 126,000 records were created during a
recent one-year period. During this same time 2,856 groups (average of 7.3
examinees per group) were tested--20,849 examinees' tests were scored, data recorded
and results analyzed. All of this testing generated 85,828 original pages of
reports with 177,432 additional pages reduced and photocopied. The primary PTEP
data files used, at that time, consisted of 106.79 million characters of data
storage.

PTEP evaluation responsibilities include personnel, training system, hardware
and facilities. The testing of personnel and the scoring and analysis of the
data represent a major undertaking. The magnitude of this evaluation respon-
sibility is characterized in many ways. New tests must be designed and devel-
oped to replace current versions. Attention must be given to test reliability
and validity of the data collected as curricula change. Another aspact of the
changing character of this environment is embodied in the additions to SSBN's
crews and the losses due to orders ashore, or completion of an enlistment and
leaving the Service. Modernizing equipment adds still another dimension to the
evaluation environment as older classes of boats are retired, newer classes
are backfitted and still new ones built.

This is the real world of PTEP evaluation. It is dynamic, a constant challenge,
and one that requires continuing diligence to all aspects of the process. One
cannot forget the need for rigorous curriculum development; the classroom and
laboratory exercises; the test design., development and administration; the
analysis of the large quantities of data; and the presentation and ¶iterpretation
of the results to those who need to ,now.
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A few months ago it became evident that the routine methods of control, coordi-
nation, and communication within the PTEP component of the SWS Training Program
were not functioning effectively. The initiation of an Executive Steering Group
was an attempt to gain more control and more effectively manage the variety of
PTEP evaluation projects. We wanted to deal with the more important issues
and get out of the business of putting out brush fires.

INITIATION OF THE EXECUTIVE STEERING GROUP

In this dynamic pressure-packed environment we convened our first ESC in January
1981. Again from hindsight, it is not surprising to report that much of the first
meeting was devoted to communicating between and among ourselves as to the current
status of projects, perceptions, and problems facing us. Several action items were
identified and responsibility for them was assigned during this one-day meeting.
The group agreed that the first meeting had been worthwhile, and that we should
meet about once a month for the next few months. Subsequently, minutes of the
meeting were prepared and distributed to the attendees.

Later, an agenda was developed and distributed for the February meeting. Again
the group received/gave status repoits, adjusted schedules for projects, and
determined action items. At this meeting the group also heard and considered
some very serious internal criticism. The ESG found that by providing an
opportunity to raise some very frustrating and potentially counter productive
issues and perceptions and by dealing with them in a constructive manner, we
were maturing as a group. The response of the ESG (in session), and actions by
individuals as a result of the discussions constituted a significant step in the
development of a genuine "team" spirit.

Development of an agenda, subsequent preparation of minutes, providing status
reports, and realigning of priorities and schedules became routine. ESG meet-
ings were conducted in January, February, March and April.

The next major milestone in the development of the ESG "management team" involved
the use of a computer to keep track of the growing number of action items. During
May we developed a relatively simple automated system for tracking our action items
Each action item was (and is) assigned a six-digit file number. The first two
digits equal the last two digits of the calendar year, the second two digits
equal the month of the ESG meeting, and the last two digits equal the item number
used to record the essence of topics discussed in the ESG meetings.

This relatively simple file-number system permits one to rather quickly refer
to the appropriate minutes for more details, when desired. The automated
action item file contains, in addition to the file number, a description of
the action item (200 character limit), due date, complete date, primary respon-
sibility code, support responsibility code, and a remarks field (200 character
limit). Listings of action items are provided ESG members at various times for
use in managing items assigned and to report completion or a change in the status.

Prior to the June ESG meeting each member was furnished with a complete listing of
all action items (62) since the January meeting. At the June meeting the purpose
and uses of the action item listings were discussed. Attendees ;ere asked
to provide an update for each item for which they had primary responsibility.
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Following the June meeting a new listing was provided for each primary respon-
sibility code and attached to the ESG minutes. This new listing included the
action items from the June meeting.

Another milestone in the development of the "management team" was reached in July
when the ESG adopted a new format for conducting subsequent meetings. Essentially,
the new format simplified the ESG agenda. Meetings will be conducted by first
reviewing and approving the previous minutes with any corrections. Second, the
ESG will review the open action items from previous meetings. And lastly, new
topics and issues will be presented and discussed. The new format simplifies the
agenda, focuses specific attention on current status of assignments and makes it
easier for participants to recognize new business.

A complete set of ESG minutes and an action item listing were a great source of
information for a recent ESG member who joined the group for the first time in
July 1981. These two sets of documents summarized for him what had been accom-
plished and discussed over the past few months, the time sequence in which
de,. sions had been made, and the relationships of certain action items. Some
items are cross-referenced by file-numbers in the remarks data field. As other
ESG participants join this group, we will see even more uses for the effort
invested in resolving important issues as a group, recording the results of these
actions, in tracking and maintaining control over the one-time and continuing
evaluation activities.

Another milestone in the development of the "management team" was reached in the
August meeting. This was the first time that representatives from Central Test
Site detachments had attended these meetings. The detachments are very much in
the front line of PTEP test administration and of feeding back the results to
the SSBNs. Very often they (detachments) are the first to sense or hear of a
problem, and 't is important that they understand why certain projects are being
undertaken and how they are progressing. Additionally, a representative from
Chief, Navy Technical Training (CNTT), also sat in on the meeting. The Central
Test Site is under the command of CNTT. Both the detachments and CNTT representa-
tives had an opportunity to see how the ESG operates and the full range of PTEP
evaluation responsibilities being controlled and coordinated by this "management
team." The openness of the ESG to input from and observation by others is
another indication that the group has experienced some growth.

The ESG has found a balance between managing the evaluation process and in
utilizing the technical expertise necessary for the development of evaluation
methodologies, implementation of these plans, and in the conduct of evaluations,
per se. Technical expertise abounds within the resources available to the ESG.
There are subject matter experts familiar with the complete range of curricula,
hardware and documentation.

Other members are well trained in statistical analysis, psychometrics, educational
research, test design and construction, information systems, and management
science (including organization development). Individual commitment to PTEP
evaluation by this very diverse group also made a contribution to the limited
success of the ESG. Some members contribute more from a technical point of view
while others are more attuned to the process by which we collectively seek to
achieve long term d•rti-dends from all PTEP evaluation efforts.
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CONCLUSIONS AND SUMMARY

The ESC came into being (was born) out of a genuine need. The environment was ripe
for something which would provide more control, integrate and coordinate all of
the evaluation efforts, and at the same time improve communications. It took
a great deal of patience, attention to detail, emphasis upon preparation and
following up of meetings, and a diligence toward the organizational development
process. In the beginning, some of the ESG members were more open and trusting
than others. Each individual has a separate set of perspectives and brings
them to the ESG. And we found value in and some truth to each of these perspec-
tives. In our attempt to gain better control, move the PTEP evaluations forward,
and to grow as professionals we were forced to learn from each other and about
ourselves. We recognized anew that often growth does not come easy. It is
sometimes hard to listen, and even more difficult to really hear that which
one had rather not be told. However, we have listened and have learned from
each other. The author feels that the members of the ESG experienced a great
deal of growth during the past several months as we dealt with evaluation issues
from many different perceptions.

As a group, we undertook several new tasks designed to improve the overall
performance of PTEP. These actions were carried out in the dynamic environment
described earlier. Schedules were adjusted, priorities were realigned, and
resources were reallocated in light of new information. The ESG did not try
to resolve all difficulties, but did try to deal with differences in a mature
and understanding manner. We attempted to focus upon tasks to be accomplished,
while growing in our capacity to accept the fact that we could disagree with-
out being altogether disagreeable. We have achieved a measure of success on
both counts. A review of the major milestones confirms this fact. Also, the
number of action items assigned (100) and completed (82) during this period also
attests to the fact that we had gained better control of evaluation projects
than one would normally expect with conventional management methods. The under-
lying commitment of individual ESG members to the procesc of evaluation as
embodied in PTEP for the SWS Training Program helped us band together and to
develop this "management team."

The importance of the ESG in strengthening PTEP evaluation efforts resulted from
a lot of hard work. The results described above did not suddenly and miraculously
burst forth in response to our real need. Much of the work went on between the
meetings themselves that was supportive in nature, that took care of important
details, and was sensitive to good management principles and organization development
The author does not intend to suggest that ESGs are 'the answer" to other evaluation
efforts, but rather that this process has served our group well.

In this context a few suggestions are offered to those who might want to use
the basics of this concept in another environment. These suggestions are grouped
into three categories. First, keep things as simple and straightforward as
possible. Make good use of time by developing and distributing agendas before
the meetings. Then conduct the meetings as "working sessions" in accordance with
the agenda. Keep the team small and productive -- not a convention. Subsequent
to each meeting prepare and distribute brief minutes that are reviewed, corrected
and approved at the next meeting. Second, the author would suggest that leader-
ship of the group should recognize, accept and be able to deal with different
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perspectives. The author means by this statement that an opportunity should be
given for different points of view to be expressed before important decisions are
made that will have an impact upon the group. Likewise, it is important for this
leadership to follow up on differences that exist between and among members so
that they can continue to express differences without being altogether disagree-
able. The third suggestion is that an audit trail or record of jroup decisions
be provided. The minutes from the meetings may serve this purpose completely.
If they do not, then other measures should be taken. For example, when the
total number of actions is quite large, membership in the group changes, and
there is a need to retrieve selected material from time to time, an automated
system may be required in addition to the minutes. The author also considers
the audit trail an impurtant tool or device for orienting new team members as
well as those who have an occasional need to know what is going on.

Evaluations are seldom conducted where all of the variables are well controlled.
In PTEP, only a few of the variables are controlled. Hence, the analysis and
interpretation of PTEP data are difficult, but not impossible. The key is in
creatively using what is available and in managing the process well. The author
is pleased with the role that the ESG has played in PTEP evaluation and antici-
pates that this "management team" will continue to be an important means by
which we maintain control, provide appropriate levels of coordination, and
supplement communications between and among the key participants in the dynamic
SWS Training Program.
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Effect of Expectations on Attrition in
Canadian Forces Recruit Training

Captain D. S. Horton
Base Personnel Selection Officer

Canadian Forces Base Gagetown
New Brunswick, Canada

This study investiga ted the effec off-expectations o. ttritlon
"in Canadian Forces (CF) recruit training. Thea820 male participants,
-Included 699 who successfully completed recruit training (stayers)
and 121 who failed or withdrew (lea'ers). Participants completed a
pre-test questionnaire within two days of arrival at recruit school

("% and a post-test questionnaire after three weeks of training.
Expectations of both groups were measured against a 12 member
criterion group, comprised of senior recruit instructors, recruiting

• officers and personnel selection officers. Findings indicate that
expectations of stayers and leavers were not significantly different
nor did leavers report a greater degree of disconfirmed expectations.
Leavers did, however, have a greater ratio of expectations disconfira'ed

.m• in a "worst than expected" direction. A relationship was found
between attrition and expectations of success in recruit trainirg,
membership in the CF after recruit taining and intended length of
service, with leavers responding more negatively in all three azeas.
Although assessment of pre-training information did not differ for
the two groups, the responses of both groups shifted in a negative
direction on the post-test. Implications for the CF, of the findings,
are discussed.
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As inflation continues to escalate, most segments of western society
are experiencing increased financial pressures. This is particularly so
in military organizations, where it is beccaling increasingly difficult
to justify huge monetary expenditures to adequately train and equip
military forces. The Canadian Forces (CF) has, in recent years, been
closely scrutinized by both government and citizens in regard to monetary
expenditures, and it has become imperative that every dollar of the
military budget is spent wisely and effectively. This close monetary
scrutiny, while affecting all aspects of the CF, has been particularly
focused on the recruiting and selection processes utilized to maintain
necessary manpower levels. Pecruitnent, enrolment and retention of
suitable personnel has become an increasingly critical issue.

In addition to imposed financial constraints, recent research
(Cotton, 1974) indicates that the pool of potential recruits for the CF
will begin to shrink in the early 1980s. Concurrently, competition with
industry for the available manpower pool is increasing steadily. As well,
-he CF will require a greater proportion of high quality personnel to

cope with advancing military technology. Financial constraints,
increas;ed competition for recruits and the need for better recruits,
demand that recruiting becomes increasingly tost effective, with attrition
at the recruit training level becoming a critical problem.

It is doubtful that attrition in recruit training is precipitated
by a single definable factor, but more likely results from a number
of inte;-acting factors. The factor of expectations is considered
important in explaining attrition from any organization. Extensive
research has supported the assumption that prospective organization
ienbers bring with them a complex expectation set of their role and
mentership in their chosen organization. Wiskoff (1977; Page V.)
cbserved that "expectations have been shown to exercise a pervasive
influence on decision processes of individuals to join, develop occupa-
tional choices, remain, or derive satisfaction from the military." That
the expectations brought by prospective organizatior members are often
realistic has also been well documentel by previous research. This
phenomenon may be particularly true for new members of the military who
encounter an environment that is alien xo previous experiences.

In considering the relationship between expectations and attrition,
the degree, area and direction of disconfirmation of expectations are
of primary interest. Previous research indicates it is not necessarily
the degree of disconfirmation that contributes to attrition, but the
direction or area of disconfirmation, or a combination of both direction
and area. This study investigated the interrelationships of degree,
direction and area of disconfirmation of expectations and their relation-
ship with attrition in CF recruit training. Although previous CF
studies have acknowledged that expectations are a major contributing
factor to attrition during re-ruit training leg., Cotton (1974, 1975);
Fournier and Keates (1975); Ramnpton (1973); Mullin (1977)], there has not
been a sustained focus on the extent to which expectations effect
attrition. The implications of research in this area could be signifi-
cant for the CF, with the possibility of reduced attrition during recruit
training, a concomitant reduction in the unsettling effect leavers have
on other recruits and, reduced recruiting quotas resulting from reduced
attr tion.
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In view of continuing financial constraints, a shrinking recruit
pool, increased competition with industry for recruits and high
attrition rates during CF recruit training (averaging 20% between
1974-1979), it is timely to examine the effect of expectations on
attrition during CF recruit training. This study attempts to answer
a number of critical questions regarding this phenomenon. To begin
with, are the expectations of recruit training held by leavers less
realistic than those of stayers? Do leavers report a greater degree
of disconfirmed expectations? If so, are more leavers' expectations
disconfirmed in critical areas and/or ir a worse-than-expected direction?
Do leavers have a less positive expectation set toward membership in
the CF after recruit training? Is the expectation of success in
recruit training less for leavers? Is the intended period of service
less for leavers? Do leavers classify pre-enrolment information as
being less accurate and sufficient than do stayers?

Previous Research

The various theoretical models developed in recent years to explain
the influence of expectations in human behavior offer interesting
implications for prospective or new organization members. Current
theory suggests a strong relationship between expected and actual
outcomes, and their attractiveness to the Individual, and the energy
expended toward becoming a productive organization member. Research
supports the contention that the act of joining a group or organization
is carried out the for purpose(s) of goal and need satisfaction. Upon
committing himself to an organization, the individual has, as much as
possible, become convinced through assimilated information from various
sources, that expected goals and needs can be attained. Gauntner (1973),
Owens (1970), Weston (1974) and Youngberg (1963) all alluded to the strong
relationship between pre-enlistment expectations and satisfaction with
the military of new members. Rarpton (1973) commented that if an
organization hopes to "attract or keep sufficient personnel" then it
must be perceived "to offer an environment that meets the individual's
expectations and needs as well or better than other available options"
(p. 28). The pervasive influence of expectations in determining Job
motivation, performance, satisfaction and turnover has been well
documented by research. Macedonia (1969), Owens (1970), Mullin (1977),
Wiskoff (1977), Bourne (1965), Griffith et al (1979), Ilgen (1975),
Scott (1972) and Youngberg (1963), all commented on the potential for
dissatisfaction and eventual attrition if expectations of what will
happen in a stressful environment, such as recruit training, are unreal-
istic and therefore unmet.

For the military, the group most strongly identified with the question
of realistic and/or unrealistic expectations of new members are the
recruiters. Expectancy theorists have been less than kind to military
recruiters, openly questioning their integrity and credibility. As the
interface between the military and the potential enrollee, the recruiter
faces a difficult challenge in presenting cjne to the other. This is
particularly true in the process of developing, in the applicant, a
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realistic expectation set of recruit training, which inevitably includes
modifying unrealistic expectations. In fairness to recruiters, the
majority probably do it as best they can; some may not appreciate the
critical role they play in shaping short and long term attitudes of
military recruits.

Basically, the recruiter's role is to close the expectation gap
between the recruit and the organization. In recent years, extensive
research has been conducted in seeking effective methods of closing the
expectation gap. Much of it has focused on the utility of providing
realistic and accurate information to new organization members. Weitz's
(1956) study was a landmark in this area when he demonstrated that
provision of realistic information resulted in reduced attrition and an
increased tendency to join an organization. Facedonia (1969) produced
similar results in a study of entering USMA cadets. He found that
provision of realistic information ferreted out impulsive applicants,
that enrollees accepted greater personal responsibility for their decision
to join and that enrollees were better prepared for the situational stresses
with which they were confronted. Studies by Farr et al (1972), Bittinger
(1964), Wanous (1973) and Sherman (1959), produced similar results.
Scott (1972) emphasized the necessity for recruiters to realize that
selection is a mutual process involving both the applicant and the
organization. Scott believed that selection is too frequently approached
from the organization perspective only, with recruiters oathering reams
of information about the applicant but not reciprocating with necessary
information about the organization. Wanous (1973) drew conclusions
similar to Scott's, stating that industrial psychologists are pre-
occupied with the organization's viewpoint, at the applicant's expense.
The 1973 study by Wanous utilized the concept of "realistic job previews",
which resulted in more realistic job expectations and no difference in
job acceptance rates between control and experimental groups.

Previous expectancy research has also focused on the problem of
identifying potential leavers before or shortly after enrolment. Various
theories have been postulated to resolve this issue. Ilgen (1975),
Schuckit and Herman (1978) and Mullin (1977) believed that the impulsive
individual, who enrolled without giving serious consideration to
implications of joining the military, quite often fails or quits during
recruit training. Expectations of success in early training and
employment (eg. Mobley et al, 1977), level of formal education (eg.
Lockman, 1976 and Cotton, 1974), category of service (O'Gorman, 1972) and
age (Guinn, 1977), have also been put forth as indicators of potential
attri ti on

Barrett (1975) in Wiskoff (1977) most succinctly sunmmed up the
large picture of what the far-siqhted goal of all expectation theorists
should be when he postulated that:

there is an optimal match or congruence among
abilities, preferred attributes, expectancies and
task complexities which will result in maximization
of resources in terms of individual productivity,
work satisfaction, and organization tenure (p. 20).
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Method

Subjects: The study conducted in early 1979, consisted of 820 male
recruits who underwent training at the Canadian Forces Recruit School.
Of the 820 participants, 699 successfully completed recruit training
(stayers), while 121 failed, or were released at their request
(leavers). The heterogeneous sample included participants from
every province and territory in Canada, a wide variety of socio-
economic backgrounds, and participants ranged in age from 17 to 25 years.

Procedure: The study employed a six-part questionnaire for data
coTllection. In Part I, demographic data were collected. Part II
contained 55 items on which the respondent indicated how much of each
item he expected to experience in recruit training. Parts III and IV
contained the same items and format as Part I, with respondents being
requested to indicate preferred amount of each item and importance of
finding preferred amount respectively. Part V consisted of three items
pertaining to (a) expected success in recruit training, (b) length of
intended service in the CF and, (c) assessment of accuracy of pre-
training information provided by recruiters. Part VI was a survey of
post-CFRS expectations of membersh;p in the CF. For this study, only
Parts II, V and VI were analyzed. An evaluation of the questionnaire
with a sample of 66 recruits led to minor modifications in format and
clarification of some instructions. Item analyses of the questionnaire
were conducted, and an alpha reliability coefficient of 0.94 was
obtained. The instrument was designed by the author, with items being
chosen on the basis of: recruit information films, recruiting brochures,
consultation with CFRS staff and experienced recruiters and the author's
own experience as a Personnel Selection Officer (PSO) in both recruiting
and on operational wilitary bases.

A pre-test questionnaire was administered during the recruits'
first two days at the CFRS. The post-test was administered at the
completion of three weeks of recruit training. Questionnaires were
administered by the PSO staff at the CFRS to groups of participants
averaging 83 in number with respondents being assured anonymity. The
procedure resulted in 820 usable questionnaires.

The 55 expectation items were also administered to a 12-mewber
criterion group which consisted of senior instructors and the PSO's from
the CFRS, recruiting officers and the author. Arithmetic means of their
responses to each item were established as an accurate measure of what
recruits could realistically expect, in regard to the 55 expectation
items, at the CFRS.

Results

Discriminant analysis procedures were conducted to compare responses
of the two groups on both the pre and post tests. T-tests were also
conducted using a p(.05 level of significance.
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Expectations of leavers were not dissimilar from those of the
stayers, in comparison to the criterion group. Leavers had 15 of the
55 expectations items significantly different from the criterion group
while stayers had 16. Of the 15 items on which the leavers differed
from the criterion group, 13 were the same as the items on which the
stayers differed from the criterion group.

Disconfirmation: Leavers did not report a greater degree of
disconfirmed expectations than did stayers. Leavers did have a greater
ratio of expectations disconfirmed in a "worse than expected" direction.
while disconfirmation for stayers vwas almost the sane in both directions.
Table 1 clarifies these results.

Table 1

Disconfirmed Expectations for Stayers and Leavers
with Percentage and Direction of Dlsconfirmation

No. of Percentage "better k"worse
expectations Disconfirmed than better than worse
disconfirmed expected" expected"

direction direction

Stayers:

44 86.275 32 47. 720 23 52.273

Leavers:

30 58.824 9 30.000 21 70.000

Critical Dimensions: Eleven critical dimensions were identified
using the discrliinant analysis stepwise procedure. It was found that
leavers did not report more disconfirned expectations in critical areas
than did stayers. Leavers did, however, have wore critical dimensions
disconfirmed in a worse than expected direction, than did stayers.

Post-CFRS Attitudes: Leavers were found to have a less positive
expectation set about mentership in the CF after recruit training. Table
2 illustrates these results: on the pre-test, stayers were less positive
than leavers on seven items, while leavers were less positive on 13
iters. On the post-test, stayers were less positive on three items while
leavers were less positive on 17 items. This reveals a shift in Post-
CFRS attitudes for both the stayers (more positive) and leavers (less
positive) from the pre- to post-test.
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Table 2

Post CFRS Expectation Sets for
Stayers and Leavers - Pre and Post Test

No. of items % items less No. of items Z items less
less positive positive less positive positive
(pre-test) (pre-test) (post-test) (post-test)

Stayers:

07 35.0 03 15.0

Leavers:

13 65.0 17 85.0

Expectations of Success: Leavers' expectations of success in recruit
training were less positive than those of stayers, on both the pre and
post-test. In fact, the negative shift by the leavers from the pre
to post-test was also significant (p<.05). The leavers, therefore gave
themselves even less chance of successfully completing recruit training,
after three weeks at the CFRS. Table 3 demonstrates these results.

Table 3

Stayers and Leavers Expectations of
"Success in Recruit Training - Pre and Post Test

Stayers Leavers Significance
of difference

Mean response

pre-test *4.9941 4.5576 .001

Mean response

post-test 4.9842 4.0781 .001

*Range of response: I through 6.

Intended Length of Service: Leavers intended length of service was
less tan that of stayers. Stayers intended to serve longer, on both
the pre and post tests, with their intention.
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increasing from the pre to post test, albeit not significantly. Leavers
intended length of service decreased from the pre to post test (p<05).
Table 4 elaborates on the results.

Table 4

Stayers and Leavers Intended
Length of Service - Pre and Post Test

S tayers Leavers Significance
of difference

Mean response

pre-test *7.1073 6.6552 .006

Mean response

post-test 7.1848 6.0500 .001

*nge of response: lthrough 8.

Assessment of Pre-Training Information: No difference was found
between stayers and leavers in assessment of pre-training information.
What is particularly interesting about this hypothesis, however, is
the dramatic difference (p(.05) between pre and post test responses
for both the stayers and leavers. On the pre-test 71.45% of stayers
and 67.36% of the leavers assessed pre-training information as being
accurate and sufficient. On the post test only 37.61% of the stayers
and 32.26% of the leavers assessed pre-training information as being
adequate and sufficient. Table 5 illustrates these results.

588



Table 5

Stayer- and Leavars Assessirent
of Pre-Training Information -

Pre and Post-Test

Stayers Leavers Significance
of Difference

Mean response

pre-test .7145 .6786 .468

Man response

post-test .3761 .3226 .400

Discussion

Findings regarding expectations of CF recruit training were not
consistert with other recent studies indicating a difference In expecta-
tions between stayers and leavers. The fact that this study did not
reveal a difference in expectations of recruit training between stayers
and leavers suggests that accuracy of expectations, in general, may not
be a decisive factor in influencing attrition in CF recruit training.

In this study, degree of disconfirmation of expectations did not
differ significantly for stayers and leavers. These findings also
differ from recent research and suggest that degree of disconfirmation
is not a decisive factor in attrition of CF recruits. Owens (1970),
reached the same conclusion, based partly on the assumption, also
documented by other studies, that new organization members (particularly
military) lack previous experience on which to draw in developing a
base of realistic expectations. Adjustment to disconfirmation of
expectations, therefore, appears to be a salient factor in explaining
attrition during recruit training, with previous studies [Wiskoff (1977);
Wadsworth (1974); Hammond (1966)] indicating that adjustment was usually
in a downward direction.

Direction of disconfirmation also appears to be a differentiating
factor in attrition, with leavsrs experiencing more disconfirmed
expectations in a "worse than expected" direction. In particular,
disconfirmation in a negative direction in critical areas (eg: specifi-
cally identified variables) may be decisive factors in influencing
attrition.
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In a 1977 st. dy, M4bley, Hand and Logan attributed the differences
between stayers and leavers ability to adjust to disconfirmation as
being due to differences in "certain personality trait dimensions"
5;uch as confidence, anxiety, self-image, etc. These perceived traits
negatively affected some individuals' ability to cope with the anticipa-
tion and reality of heavy stress (leavers), while others were more
flexible in adjusting expectations to reality.

Pre-enrolment identification of potential leavers appears feasible
from results of this study. It was found that leavers have a less
positive attitude than stayers toward membership in the CF after recruit
traning, give themselves less chance of successfully completing recruit
training, and are more tr.ntative in thier cormitment to the CF. These
results support '.,Wiskcfli's (1977) contention that "expectations about the
future exercise more influence as a determiner of career intent than
present conditions" (p. 27). Purter and Steers (1973) also saw expecta-
tions of the future as having a pervasive influence on career intent and
career decisions of recruits. Identifying potential recruits who are
negative or doubtful about what to expect in the military would
facilitate e-ther screening-out procedures cr, provision of counselling
at the selection stage tc modify attitudes AAd expectations.

The fact that both stayers and leavers were simil r in their
assessment of pre-enrolment information was somewhat surprising.
Previous researcn indicated th&t leavers' as-sessment of such information
woulH be less rositive than stayers. Toe fact that almost one-third of
both groups were dissatisfied with p.a-enrolment iiformation, even before
conrencement of recruit training, suggests several possibilities. It
could be that information being given recruits atout the recruit training
experience is in fact not accurate and sufficient or, for some reason the
recruit: are not internalizinu the information. Possibly, a combination

of the above may occur, partly due to the phenomenon labelled "selective
hearing". The significant negative shift ;n assessment of pre-training
information after three weeks of training warrants serious consideration.
If only the leavers' as_ :sment had shifted neoatively, one mioht
attribute it to rationalization and displacement of responsibility for
the inability to adjust to the rigors of recruit training. These
results do suggest that when disconfirmation does occur, it Is attributed
to pre-training information. An examination of pre-trdining inform.ation
may he in ordcr. These findinos also further support the contention
that stayers are better equipped to adjust to disconfirmation.

Rei-iharth and Wahba (1975) postulated that the expectancy rodel
could erxrrge as ar influential approach to explaining work behaviour if
it could b, proven to effectively "describe and predict work motivation,
job eftfort and job performance" (p. 521). Utilization of the expectancy
model to effectively discriminate between stayers and leavers in CF
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recruit training lends support to their postulation. The implications
of using the expectancy model to identify potential leavers before
or shortly after enrolment could be far-reaching. Measurable savings
in human and financial resources could accrue from the ability to
differentiate between these tio groups during the enrolment process.
In these days of a shrinking recruit pool, increased competition from
industry for recruits, and continual financial constraints, the ability
to reduce attrition is crucial. Analysis of the remaining data collected
in this study should provide further insight into the role of
expectations in attrition during recruit training.
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Hosmer, Clark L., COL, USAF (Ret.), Shalimar, Florida. (Thurs. P.M.)

The Honor Code: The Optimum Criterion of Honor?

7 The Honor System at West Point is renowned as the most important
single influence on the lives of graduates. A cadet must be honest
and, harder yet, not tolerate his friend's dishonesty. Despite the
difficulties of rectitude plus being his brother's keeper, only a few
cadets violate the system in most years. A major problem is failure of

r the non-toleration policy associated with outbreaks of group cheating -
-l six outbreaks in thirty years. Four programs to improve implementation

SVZ of the non-toleration policy are offered. If future evidence shows
"continued failure of the non-toleration policy, an alternative crite-"r nrion is offered for consideration.>.,

(ii
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The Honor Code: The Cotimum Criterion of Honor?

Clark L. Hosmer
39 Longwood Dr.

Shajinar, Fl 32579

My purpose is to assess the Honor Code as a criterion of the Honor
System at the United States U1litary Academy at West Point, New
York. The Honor Code is, "A cadet will not lie, cheat, or steal
nor tolerate those who do."

The Honor Code serves as, "... the minimum standard of behavior
required by cadets. Because of the Code, the Corps enjoys an
atmosphere of trust and the reputation of being honorable. The
Code is also a foundation for continual development of a cadet's
personal standards and values." (U.S.1.A., 1979).

The Honor System is not 100% successful in converting all cadets
to honorable behavior. Usually fewer than one percent of the -

cadets are found guilty of violating the Honor Code in a year.
"Cadets come from all walks of life in the nation where six out
of ten teen-agers admit cheating on examinations (Gallup, 1979).
Some cadets are unable to make the transition to exemplary honorable
behavior. Not only must the cadet be honest but the Honor Code
demands that the cadet not tolerate another cadet's violation of
honor. The cadet is expected to be as offended by a friend's viola-
tion of honor as by his or her ovm violation. ."Ioe to both the vio-
lator and the tolerator,. Both are subject to dismissal from the
academy. "He t•rat worketh deceit shall not dwell wvithin my house...
nor tarr.y t, my sight." (Fsalms 101:7).

Excepz for the few violators, the cadets who survive the highly
comupetitive regime of academic studies and military training de-
voeo can, a aerie of trast among themselves. They become imbued
vt; the rigor of i.e iHonor System t..a. demand: rectitude despite
disccii')rt or cost to self or others. -.'ie Honor Code becomes a

ashrec rl .-C l imzý,rerative n-ad criterion for service described b'- Jest
Point': motto, "Duty Honor Country." 3raduatroften describe the
Honor Code _st the :Inccl most po..:crful, enduring, .and beneficiatI in-
fluence t>'.t the ac-dc:O" hzs dox t>'eir lives.

S7u~~i.erubilitv. to Gr}oan .,he" ti-g

o'on; e Linsis occurred -A .'cot hoint six times
S.. e l -, thir-; r- e1oup itvolved more than

of eiode : i de :d comolexitv t-:-t
i .c.. ...... o-.' 1. con' oo. to stud--

"*.. , i, c.r in •.- c ." ' .... C 0 o r ode aId Honor

_; C... .i : . t'j C"e5' ., (t 21  , P. 5).
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:,o..er 2

Official reports cited toleration of honor violations as a major prob-
lem for four years before the 1976 outbreak of group cheating. Then
in 1974 a survey of the cadets showed that 73%• would not report a good
friend for a possible honor violation and 34% would not report a good
friend for a clear-cut violation. Forty-five percent of the cadets
wanted toleration removed as a nersonal honor violation (Borman, p. 14).
Although toleration was an obvious problem, for a period of ten years
before 1976, conviction of cadets for toleration alone was only one-half
of one percent of all convictions of honor violations (Borman, p. 17).
That finding suggests that toleration of toleration was almost the rule.

Toleration of another's honor violation creates vulnerability of the
Corps of Cadets to group cheating. Before the 1976 episode, the Superin-
tendent's Honor Heview Com~mittee reported, "... any cheating scandal
would find its beginnirg in a 'toleration' situation, i~e., a cadet
would observe a friend or roommate cheating but because of their close-
ness would not report the incident, From that point a vicious chain
would gradually find its way to other cadets." (Borman, p. 7).

The evidence cited in the Borwan report sugges t s that the Honor Code
may not be the optimum criterion for the Honor System. The non-tolera-
tion clause was ineffective which opened the door to possible group
cheating.

To Improve the Effectiveness of the N;on-Toleration Clause

The four following programs may further the progress already made by
the Corps of Cadets and the academy's superintendent and staff and
faculty toward improving the Honor System. The objective of the pro-
grams is to reduce the rate of cadet readiness to tolerate another's
honor violation and thereby reduce vulneraoility of the system to
group cheating.

I. A irogram to collect -anonymous responses of a random sample
ef cadets to well desi--ned items that a-e repeated every quarter plus
zoecial itemc on problems that come up would provide valuable objective
da.a. lifcant tren-ds in strengthening of, or trouble in, attitudes
to'--ard non-toleration .vould be on the table for handling. Another
source of data could be coverage of tne non-toleration policy in the
exit interview of every cadet who leaves the academy whether for aca--
demic deficiency or honor violation or other reason, Due to the free-
dom the departing cadet has to ventilate privately held views, the exit
interview would collect information not anticipated by the regular items

used in the quarterly surveys. Strong views associated with reasons for
departure could be assessed for their influence on answers to the regular
items. A third source of information coula be invited papers by cadets
in professional ethics and leadership classes. If each cadet were invited
e•ch. ;e-!r to s--hipt ner o. .- y iuzect of tan 1onor Systeii thiaL he or
..e se>ec;s, ;he rmnr-e oZ system strengths cnd problems, let alone sug-

S.-eýtio.i2, .'a.oul- 2rovi-e trendo in elements farin.- weli and those that
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w'arrant special atention of tne Cadet 'Konor Committees and pernans
the ac.ademy a&inistration as w.*ell. Pour tuiousand papers would be
mountainous, of course, but sortirng of topics and harvesting of
su-gestions on pivotal subjects like non-toleration w,-'ould, in m- vie-,
justify 'li efforts I.: cadets and analyts.

2. Ai program of demonstration by s..ged skits would hlo to
exercise the new caidets in handling of the problems of identifying
a viola.tion, cou",sein: with the viclator to ,-:e sure of thie facts,
and seeing that one or both repoirt ti.e event to an ionor Representative,
Skits based on historical cases w:ithout iden-tlfication of persons, would
heighten realism. Role-pla. ing the world of c.a-det life, to include
upnerclassma•n_ roles, would exercise upperclzsz:-en, too, in handling
the classic tough •ase of seeing aý close friend, or for -,-=.y the even
tougher case of seeir-; a superviso:', violate tec honor code. ThLie skilli
re;:uired to react prompotl-," ,ith tact a "d .:et with effective force does
not come frots exhortat ion, to do so. 0:Cits n.ave -unusual uowers in terms
ofkllurst•r•in.; a range- of uroble:-s and devolosig confidence to confront
.-a--e events.

3. " prog-ra:,, of new n ci d caaets in/M•IrV5outfs, .ith a minimu,

of direction b,- a sunorvisory level eal.nrm, could provide self-con-vincin
onortu-ritiez :or under-s ct½"-di the inne3r tive-css of tne non-toleraticn
.oic- The most cefective -:.r3-- for people to unders[ta-d a.. nd accept nor"

d is in ree-for-al di:-c'C'iof. os " al 'e _.ros and CoNS. :.zCst of
t±e .0 of _:neinple who -ere alow,'ed to talk freely -nong tilemselves
about .he pros ad cons of z s- sten ch-ose lo-yalty to .wroup interests.
..it"out comuiplete fre'ion o LisCussion in confronting a new system,

--o ever, 7t6 of smail -:roups chose to strive for individual interests.
_.e m i lcon:c titio- rc.uced r-ins for individuals as well as for

the ;rounz; a .hole ( Etney, 2. 34).

. < ro - to oublicizc every- :ua-rLer selected findings from
tac byonton ee.h thae -ctivities above could keep tile Corps
of Cadets focUsed o,- implerertation of the non-toleration policy. The
su-.zestio:- of publicita is controversi-al. 12 c. survey" shows a third
of the crdcts are ckeotica!. :-bout non-toleration, would reporting, that
firdin to 11 thie ca•dets c-u est to some of them -:nit they naSy as well
4.0o3 the tolerators? .,'aterer t.e olovel of skenticis=, to share that
io.-i : itlain . rojr r:. tt lowering w-alnerability, to groun

.t n,i • .le. would -n- in the Iong nan. ,,ould leakage to the
u :.,lie ,.edi, .>out a third of tme codets being neptical hlurt time Corps?
- oe 1-"o:• about •`e 176 c9T heatin, scandal was a blow but media

re-ictionr- i:cluded ctaunc' defenses of the snlendid reputatlon for honor
in t--e Corps that soon alin t he solid reputation would be warranted.

C -oroblem of vulnerabilit% to group cheating is too important, in my°
vi.,to use u-sual st inaf of solutions anud announcement of w.fhat is to

be ao- n '.onor 3y-t:m ý_, toe ca-dets' as backed up by the superin-
te.deat a-:nd his -tt2 a.--n t'eult . Uless the cadets accept the s-asteem

_c_.C.:L:W m. ao-to . -- tio:. ' lic ', rVr"-,h ;+' .i + r O "e" :t:.



"Wll conti ue. ne best be, "". vie": Car ce&'L- l'er•-ci~ity
.a r.in., includes the ects& , tnenelveu knowing the objective

scoi-c. 2cr tincmostsrti they "i11 s:otve the -problems themselves.
:.ortatiol s,"ill -ot solve the problem. Concerted internal Corns
promrans would seem to be the ,nost effective avproaca.

Is a.n Aternative Criterion Available?

Th.ere is a:n old sa'i'-' "I- it ain't broke, don't try to fix it."
if, however, future evidence sn;.ow•. that the non-toleration policy is
fully accepted by onyJ, say, 75%; of the caidets, would consideration
of aýn alternative criterion for the Honor Code be warranted? In case
objective evidence of cadet deternination to imnlement the non-tolera-
tion noaicy iL lezs than: the level• th-at the Corps octs to prevent

-ro c , oi alternative d Code for con-
-sideration.

On its establishment in 1802, .;est Point adopted a code, the core of
which was, "A cadet is fun•damentaýlly honest a.n-d therefore accepted
at his word." (U.3.1.A., 1971, p. 6). .oe words show the compel-

ling reason for, and the result o_7, being honest. Also, the state-
ment is pouitive. Tn my vie-., the uffil-.,_tive h0s pco.er that prohibi-
'tion of - ohcating, and steali"g does no match. "unda-7entally

:-onest," is brord- abr-sn " co..trasted with t-ie snecificity of the
prohibitions In t-.e Presenz Code. Honor itself lacks specificity.
""he on-'.-i. Oozie -may be more enli-htening for its scope than the
short i-ventor', of three evils featured today--- anong the many such as
.ribery:, fraud, orgery, plartianasm, relegi-: on a commitment, writing

oaa- culesý etc

If the or',-ina± Code ;:ere re-adopted, or some variation of it, the
,on-tolcr: tio- luse v.ouli -no longer be a sart oZ the Honor Code.
7he non-tolerýor"_O. oelies conlK co:ntin:ue, howsever, and perhass more
effectively. . longer "ouls the stretcinigi7 of the meaning, of one's
personal Ionor to i-clude wizat one does a.bout .omebody else's viola-
tion be jr te-r',1 nart of t-he creed Remember that 45'. of the cadetsr , n -c $ t e d i n _. o f f i c i a l ll u rl ev + :- a *t h -. . . .

• . ..... • :._nted toleration removed a

nersonal -I. 4~ 'ont ._ Cos cadets ma n.ave been objecting7 to the
soecific ""i' t of ctretch-ed nersonal honor.

T: lieu o f'c non-toleration clause, there is arn alternative exnres-
sio1 for t e o L :;e of toleratism- another's "honor violation. 2he
.orad is, "-r'F i-. on." To conce-i a crime that on~e is not Himself
guilty of, to t: to report 'in offense corrmditted by somebody else,
to _id, a's; <e.et ori-'l"al in avoidinc justice - that is misprision.

cadet w.h`o tcler:tes -another's honor violation could be cnarged w:ith
ntsnraslon as-, is convictod, levied heavy penalties.

"t h ,ej t-or :'a tolerat oen, LL en t:e non-tolera.tion clause was
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fornally added to the :!onor Code in 1970 ii. confiniution of infornal
practice of the non-toleration policy soon after tri turn of' t'ne century,
that fixed dismissal as the usual sentence. But the evidence suggests
that toleration flourished despite the severity of the penalty. The
result is as though a majority of the cadets challenged the justice
of dismissal for every level of toleration. Dismissal may be appropriate
for a tolerator who is an accessorj before the fact of another's honor
violation by cheating, and aids and abets the cheater's avoidance of
justice after the fact. The tolerator who counsels a thief to return
the stolen item, however, or who ignores his friend's unauthorized
possession of a government pen, might be levied punishment short of
banishment from the academy, in my view. Punishment to fit the crime
of toleration at its various levels of seriousness might well increase
cadet reporting of tolerators in a reversal of past indulgence of them.

Conclusion

The evidence sruggests that the non-toleration clause of the Honor Code
had not been effective in convincing miore than a third of the cadets
in 1974 to accept the non-toleration policy. Implementation of the
non-toleration policy was ineffective for a period of ten years before
1976. Reliable and objective estimates of cadet skepticism about the
non-toleration policy can be made available. Progra;ms to increase
cadets full acceptance and inplerentatiorn of the non-toleration policy
-re proposed in order to reduce vulnerability of the honor System

to group cheating. If all, actions fail to reduce vulnerability of
the system to group cheating under the present Honor Code, acn z.lterar-
tive criterion code wvould be useful to corcider. The original code
of the Lilitary -cademy is proposed for com-ileration if no other
nction nroduces rela4tive invulnerability to 7-rouas of cadets rioiatin-
the l'onor Svsten.
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/Iimproving Acceptance of Automated Counseling Procedures

James H. Johnson, Ph.D., Kathleen McGinley, Elizabeth Byrnes,

Steve W. Godin, Michael Bloomquist

Illinois Institute of Technology

'Previous experience with innovative computerized systems
suggests that the introduction of automated counseling procedures
into the military environment will be attended with resistance
and an initial low level of acceptance by users. However, user
acceptance of these new systems can be improved if concepts from
the technology of planned change and software psychology are
integrated into the implementation process.

A consensual model of the change process is presented. This
model structures organizational readiness, the change strategy,
and acceptance as integrated variables to be considered in a
successful installation.

A basic introduction to the principles of software psychology
is presented. Past research in the installation of psychology
related computer systems is considered in terms of these principles.

C) A structured approach for the installation of automated
military counseling procedures is proposed. This approach takes
into account issues of planned change and software psychology as
well as previous practical experience in the area. A preliminary
organizational assessment instrument for use in the installation
of automated counseling procedures is described.

15 !3 ANK
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Improving Acceptance of Automated Counseling Procedures

James H. Johnson, Ph.D., Kathleen McGinley, Elizabeth Byrnes,

Steve W. Godin, Michael Bloomquist

Illinois Institute of Technology

In order to successfully install a computerized counseling
system, it is necessary to consider a range of factors that can
effect the project's outcome. The assessment of organizational
readiness, structured implementation procedures, strategies for
handling resistance, and system design features are all crucial
variables in this process. The purpose of this paper is to
beiefly review these areas to aquaint interested psychologists
with a number of new developments in the field.

Organizational Readiness

The new technology of planned change emerged from a rational
analysis of the forces that encourage and impede change. When a-,
innovation is planned, the forces within the "target" organization
must be understood and then developed to channel them for a success-
ful implementation process. Davis (1971) used the acronym AVICTORY
to describe the dimensions of organizational readiness that a"V"change agent" must consider in designing a plan for action. The
target group must have the ability, that is the skills and re-
sources, necessary to change. The innovation must be consistant
with the values and operating style of the target. Informaticn
about the-innovation must be provided. Other circumstances of
the target should be considered so that the timing of the plan
is optimal. Important personnel must feel t~e need or obligation
to change. Sources of resistance to change must be anticipated.
The zield, benefits and-cost-effectiveness, should be clarified.
Byrnes and Johnson (1981) constructed a questionaire baFed onDavis AVICTORY model to assess an organization's readiness for an
automated system. Table 1 summarizes the dimensions of this
questionnaire.
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Table 1. A VICTORY Dimensions for Organizational Readiness
for Automation

Category

Ability 1 Emergence of a system's advocate, that is, someone
who identifies the need for an automated system and
will work to push it through.

2 Power base of the organization is suppor;ive of
implementation.

3 Availability of resources for automation.

Values 4 Administrative support and cooperation.

5 Attitudes and beliefs of users toward automation.

6 Organizational and administrative style.

7 Organization's flexibility and openness to change.

Information 8 Availability of appropriate computer programs or
computer science expertise.

9 Presence of comparable manual system.

Circumstances 10 A climate of trust is needed so that communication
tan be facilitated.

Timing iI High priority is being given to the automation
project.

Obligation 12 Sources of motivation are present, internal and/or
external, for automation.

Resistance 13 Fears of confidentiality, performance appraisal, and
mechanization Expected negative consequences of
automation.

Yield 14 General staff and administration both foresee the
benefits of automation.
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Change 6trategies

Strategies to effect planned change should be chosen and
combined according to the assessed characteristics of the target
organization. Power strategies, that is the imposition of
sanctions and rewards to change b :avior, are recommended wehn
staff commitment to the project low and/or the time frame is
limited. Persuasive strategies, convincing the target group
that the chnge serves its purposes, are suggested when the
need or problem is not recognized or the innovation is not con-
sidered acceptable. Reeducational strategies, aimed at changing
attitudes and values, are useful when commitment to the change
is minimal and a long time frame is possible. Facilitative
strategies which provide assistance for easier implementation,
are recommended as an augmentation to other strategies (Zaltflan
& Duncan, 1977). Table 2 suggests types of issues to be con-
sidered in choosing strategies.

Previous reports about attempts to install automated pro-
cedures for psychological purposes suggest that failure to con-
sider such factors has often led to serious installation
problems and even rejection of innovative systems (Johnson,
Williams, Giannetti, Klingler, & Nakashima, 1978; Hedlund,
Sletten, Evenson, Altman & Cho, 1977; St. Clair, Siegel, Caruso
G Spivack, 1976; Leader & Klein, 1977; Landau & Wilkes, 1975).

Software Psychology

To facilitate acceptance of an automated system the users'
comfort and ease in operating the computer are important. Certain
design features can be varied to develop a system appropriate to
the users' level of experience with computers. More "powerful"
commands and more "flexible" commands (that is commands that per-
mit the user to perform an operation with fewer instructions or
with a variety of types of commands, respectively) are less de-
manding of users (Ramsey & Atwood, 1979). Such command patterns
should be balanced by a low level of "complexity" so that only
a few commands need to be used at one time (Stewart, 1976).
Computer-initiated dialogue reduces the amount of learning
necessary to operate the computer, thereby reducing errors.
Examples of computer-initiated dialogue are "yes or no" questions,
"form-filling" (short answer), and "menu selection" (multiple
choice) (Thompson, 1971; Martin, 1973). Although appropriate
for inexperienced users, such procedures restrict the communication
of information. To accomodate increasingly experienced users a
"dual mode dialogue" which allows switching to a user-initiated
approach is recommended (Pew & Rollins, 1975).

Programs can be designed to give messages to the user to
guide interactions. Abmbiguous input can be resolved by presenting
the user with alternative interpretations from which he/she can
choose further commands (Plath, 1972; Codd, 1974). Patterns of
errors can be detected and "instruction" for correcting such
errors can be presented (Rouse, 1977). The pace of all such
guidance should be programmed to be under the user's control
(Goodwin, 1974).
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Table 2. Sample Questions for Surveying Change Strateties Used
During Implementation Processes

Power/Coercion

-Were top administrators used effectively before and during the
implementation process?

-Was the administrative staff well educated about computer approaches?
-Would the chief administrator have penalized an employee who failed
to cooperate with the needs of the automated system?

-Was the chief administrator propared for resistance to change prior
to the implementation process?

Persuasion

-Were staff involved in all stages of the design and implementation
process?

-Were there full-time liaison personnel to work with the staff?
-Were computer science trained pertonnel carefully exposed to
psychologist's concepts prior to beginning work on the project?

-Were staff opinion leaders identified and involved in the
installation of the computer system?

Reeducation

-Were numerous meetings and workshops held between the prospective
users and project staff?

-Were key staff members given training in data processing?
-Were members sent to other facilities with automated systems for
purpcses of education?

-Was a computer project staff member assigned responsibility for
user education?

Facilitation

-Was the project given adequate financial support?
-Did the design of the system attempt to minimize organizational
change?

-Were chief administrators supporting the project?
-Were additional staff provided to allow sufficient total involve-
ment during implementation?
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When recruits or enlisted personnel are to use the computer,
special care must be taken to ensure that collected data are
accurate. Personnel unable to use a computer should be screened
out. Johnson et al (1977) have constructed such a screening
device. A period of orientation and practice should be allowed
before data collection begins. Standardized responses and
specially marked or color coded keys are suggested to make
computer interaction easier. Design should allow for storage
of partial data if a user is unable to complete a program in
a single setting (Cole, Johnson & Williams, 1976).

A design that allows staff easy access to stored information
expands the usefulness of the system for purposes of monitoring,
documentation, program evaluation, and planning. System monitoring
programs provide records of errors for ongoing evaluation and
refinement of the system.

Approaches found to facilitate interpretation of output data
are: graphics (Schniederman, 1980), data summary displays (Ramsey
& Atwood, 1979), coding by color, brightness, size and grouping
(Stewart, 1976; Teichner, Christ 8 Corso, 1977), and flashing
important data (Smith & Goodwin, 1971). Output of printed reports
can be varied in size, type, and style according to the users'
needs. Alternative sentence stems can be varied so that each
report is structurally unique. Retrofit programming techniques
(fitting data from disparate collection procedures backwards
around key data) produces unified reports that readers seem to
like better (Johnson et al., 1977).

Important physical design features include: alternative
keyboards to accomodate typers and non-typers (Schniederman, 1980;
Hirsch, 1976), computer response time appropriate to the user's
perception of task difficulty (Schniederman, 1980), yellow dis-
plays to reduce eye strain (Ramsey & Atwood, 1979), and elimination
of flicker which causes fatigue and dissatisfaction (Dill &
Gould, 1970). Detailed design guidelines applicable to psycho-
logical settings have been developed by Hanson (1971), Wasserman
(1973), Pew & Rollins (1975), Gaines & Racey (1975), and Schniederma:
(1980).

All factors facilitating user ease of operation and comfort
with the computer should be considered to enhance efficiency and
encourage acceptance of the system. These considerations are an
important part of the facilitative implementation strategy.

Suggested Implementation Procedures

Keeping in mind the organizational readiness, strategy, and
design features discussed above, the following step-by-step
implementation procedure is suggested.

Step I: Assessment. Systems developers should review the
change technology and software psychology literature in order to
acquire the orientation and skills (information and ability)
necessary to contribute to the desig-n of an implementation plan.
The organizational readiness instrument (described above) is
suggested to determine potential problems and resistances. The
relationship between permanent personnel and temporary implementatioi
staff should be clarified to alleviate resistance due to fears
of loss of power (Jones, 1969). Meetings would be scheduled to
obtain design input from staff (values), to deliniate the problems
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of the current system (establish obligation) and the rationale
for an automated solution (demonstration yield). These procedures
should ensure optimum participation by opinion leaders (who can
best evaluate circumstances and plan timing). Opinion leaders
need to become-"insiders" who are supportive of the proposed
change and who can use their influence over other personnel to
overcome resistances (Zaltman & Duncan, 1977).

Step 2: Plan design. The goals of the program must be
clarified to make them consistant with the organization's values
and to form the basis for later evaluations. Software and hard-
ware should be selected based on organizational needs and the
facilitation of user acceptance. Duties of all personnel must
be deliniated. Procedures for feeding information about problems
back to superiors should be described. In this manner a foundation
can be developed for the rewards and sanctions of a power strategy.

Expressions of resistance are useful information in evaluating
and refining design of the system. Resistance that is not openly
expressed, but is only acted upon, is a serious implementation
problem. Thus, it is necessary to define procedures for con-
structive expression of resistance. Planning and accepting
resistance in a positive manner will increase involvement of
personnel in the project, shift social support toward project
success, discourage passive resistance, and provide necessary
information for program evaluation and modification (Kelman
& Warwick, 1973; Johnson et al., 1978).

Details about scheduling and training groups should be de-
termined in advance to avoid disruption of organizational
functioning and to form working units based on level of training
needed and ability to provide support for the program's success.

Step 3: Training Personnel. Attendance at all training
meetings should be required (power). Arrangements need to be
made to adjust work loads duringtis period so that training
dows not result in extra work (facilitation). Opinion leaders
should be used in an orientation program to explain the rationale
for the automated system (persuasive/reeducative strategy) and
to allow staff to become fiiaii-Mir with the ne-wequipment in a
casual way (facilitation). Training sessions should be pre-
sented in small, successive steps to guarantee learing paced
to the users' skill level. Extensive practice sessions often
need to be scheduled (St. Clair et al., 1976).

Step 4: Ongoing training and evaluation. Temporary staff
should be phased out and/or used on a consulting basis during
this period. Monthly meetings and workshops need to be
scheduled to solicit feedback regarding resistance, to inform
personnel of progress and adjustments in the system, thus
demonstrating yield and responsiveness to values expressed
(Hedlund et al., 1977). These meetings provide a forum for
continued persuasion and re-education of the staff over long
periods of time, as well as to facilitate the program by con-
tinually increasing user skills.
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Summary

To summarize, there are a number of factors related to
the successful implementation of a computerized military
counseling system that need to be considered. By assessing
organizational reidiness, and carefully structuring implemen-
tation procedures, a plan can be developed that will have the
greatest probability of acceptance and success. It is re-
commended that all developers of computerized approaches pay
careful attention to these factros if tiwy wish maximum
acceptance of their systems.
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Enlistment Screening Test to Predict
S. Army Aptitude Composite Scores

Richard A. Kass, Mary Weltin, Leonard Seeley and Hilda Wing

S~U.S. Army Research Institute

for the Behavioral and Social Sciences

All applicants for military service are required to achieve a minimum score
on the Armed Forces Qualification Test (AFQT) to be eligible for enlistment. The
AFQT is a composite score derived from four of the subtests of the Armed Ser-ices
Vocational Aptitude Battery (ASVAB). Applicants for the Army also have to achieve
minimum scores on Army Aptitude Area Composites which are various combinations of
the ASVAB subtests.

The traditional Enlistment Screening Test (EST) used by recruiters for all
military services to screen service applicants for potential failure has been
designed to predict the APMT score (layroff, Thozaas & Kehr, 1959; Jensen &
Valentine, 1976; Mathews, 1981; Morton & Houston, 1957). The U.S. Army Research
Institute (AMI) has developed a Pre-enlistment Recruiting Test (PERT) to predict
"ASVAB Army Aptitude Area Composite scores, as well as scores on the APQT. The
PERT mini-battery is a shorter but parallel version of the operational ASVAB.
PERT scores dill be used within the Army's new Joint Optical Information Network
(JOLN) system, a sy-tem using mini-computers with video display capabilities for
use in Army recruiting stations. PERT-derived Aptitude Area scores will allow
a racruiter to discuss particular Military Occupational Specialties (MOS) for
which an applicant might be most qualified.

This paper presents preliminary results of the criterion-related validation
of the PERT against the operational ASVAB.
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Method

InstrUMentL

The PERT wrs developed during the fall of 1980. Table 1 presents the
corresuondence between the subcests of the PERT and the operational ASVAB 8/9/]
The 80 items comprising the eight non-speeded PERT subtests were collected as
follows. Forty items were from ASVAB Form 2 and four items from ASVAB Form 1.
Twenty six items were original and ten Paragraph Comprehension items were obtal
from a cross-section of three experimental Enlistment Screening Test (EST)
booklets (Mathews, 1981). All of the 72 Coding Speed (CS) items were original.
None of the PERT ittms is in the operational ASVAB.

There are three differences between the PERT and ASVAB. First, the PERT
has no equivalent subtest for Numeric-l Operations (NO). The Coding Speed (CS)
subtest in PERT substituted for both the CS and NO in the operational ASVAB.
While the correlation between CS and NO in the operational ASVAB is only .64,
the pa:terns of correlations between these two speeded subtests with the non-
speeded ASVAB subtests are quite similar (see Table K-3 in Sims and Truss, 1980,
Second, the PERT subtests have fewer items than the ASVAB subtests. Third, the
items for the PERT subtests are not presented as separate content areas nor are
they independently timed. The one exception is the PERT subtest for Coding
Speed which is presented in a separate booklet (Test Book II) and has a five
minn~te time limit. The other PERT subtest items are sequentially presented in
Tes. Book I such that three items from a subtest are followed by three items
from the next subtest. This sequencing continues until nine items from each
of the subtests are presented. The last eight items of the 80 items in Test
Book I are the successive presentations of the 10th items in each of the eight
PERT subtests. The major advantage is that the rec.-ruiter does not need to monit
time limits nor give specific directions for each subtest. The examinee is
provided with initial directions and example problems and allowed to complete
Test Book I (all subtests except CS) in 50 minutes. In the event a slower
examinee does not finish, each sub4est should be affected about equally.
The examinee is then provided with Test Book 11, and allowed five minutes
to answer the 72 CS items.

Procedure

In March of 1981, the U.S. Army Recruiting Command (USAREC) tasked each
of the 57 District Ricruiting Commands (DRC's) to select 10 of the recruiting
stations in their districts to paicicipate in the research project. This would
yield a total of 570 recruiting stations. They were selected in the foliowing
manner. First, all recruiting stations which had station comanders who were
not on production were identificd. (Non-production station commanders are not
directly involved in solicitirg applicants). Second, within each DRC, up
to 10 recruiting stations were randomly selected, The DRC's and their designated
recruiting stations participated in the study until each station commander
tested 15 applicants and forwarded to the DRC 15 complete and usable answer
sheets. Each DRC then forwarded all answer sheets to ARI.
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Table I

Correspondence Between the PERT and

ASVAB Subtests

Number
Subtest of Items
Name Content ASVAB PERT

Word Knowledge (WK) Understanding the meaning 35 10
of words, i.e. vocabulary

Arithmetic Reasoning (AR) Word problems emphasizing 30 10
mathematical reasoning
rather Jiat mathematical
knowledge

Paragraph Understanding the meaning 15 10
Comphrehension (PC) of paragraphs

Numerical operations (NO) A speeded test of four 50 None
arithmetic operations,
i.e., addition, subtrac-
tion, multiplication and
division

Hechanical Knowledge of general technical 25 10
Comprehension (MC) and physical principles

Electronics Knowledge of electronics and 20 10
Information (EI) radio principles

Auto-Shop Informaticn (AS) Knowledge of auto mechanics, 25 10
shop practices and tool functions.

Mathematics Knowledge (MK) Knowledge of algebra, 25 10
geometry and fractions

General Science (GS) Knowledge of the phyaical 25 10
and biological sciences

Coding Speed (CS) A speeded test of matching 84 72
words and numbers
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During the last week in April, each of the designated station commanders
was senL a packet of materials which included: a letter explaining the purpose
of the research project; PERT Test booklets and IBM scorable answer sheets;
test administration instructions. The station commanders were instructed to
administer the PERT to all applicants. An individual was defined as an applicant
when a recruiter completed a USAREC Form 714 for the individual. (A Form 714 is
completed on applicants who are intending to be tested by the operational ASVAB).
After that time, and before the applicant received the operational ASVAB, the
station comLander administered the PERT and had the applicant record all responses
on a single answer sheet. The testing room normally used by the recraiters at
the recruiting station was used for this purpose.

Subjects

TIhis procedure yielded 2,921 answer sheets returned to ARI. Nineteen of
these were dropped due to missing social security numbers. The distribution
of the remaining 2,902 responses by DRC and Regional Recruiting Command (RRC)
are presented in Tables 2 and 3, respectively. A large portion of the PERT
testing was completed in May with the remainder finishing in June. Accordingly,
for data analyses the May applicants were treated as the developmental sample
and the June applicants as the validation sample. The criteria, the actual
ASVAB test results, were obtained from the Military Processing Command (MEPCOM)
for the May and June applicants. When the social security numbers were
marched against those on the MEPCOM tapes, 1,058 and 478 matches were found
for the May and June applicants respectively. The applicants who had results
for tests other than ASVAB 8/9/10 were dropped, yielding developmental and
validation samples of 1,047 and 473 respectively. The distribution of these
two samples with respect to the DRC where PERT was administered is also presented
in Tables 2 and 3.

An inspection of Table 2 indicates that the applicants tested were
nationrally distributed with no apparent regional biases. Table 3 summarizes
these daLa urith respect to the five recruiting regions. Comparing the percent
of matched returns between the developmental and validation sample in each
region highlights a problem with using month of testing as the basis for dividingl
the total sample into a developmental and validation sample. Since the majority
of the applicants in the Northeast and Southeast Regions were tested early
(i.e., in May) these two regions are over-represented in the developmental
sample and under-represented in the validation sample. Just the opposite
occurred for the Southwest, Midwest and Western Regions. While this unequal
distribution is unfortunate, it will serve to make the validation of the
regression weights computed in the developmental sample a more stringent test,
since the validation sample may be less similar to the developmental sample.
This will tend to decrease the size of the cross-validated Regression
Coefficients. To ascertain the extent to which the developmental and validation
samples differed, demographic characteristics and AFQT scores were examined
for each sample.
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Table 2

The Numbnr of Applicants Tested on the
PERT in Each District Recruiting Command (DRC)

Number of Applicants Number of Applicants
Matched Matched

District with ASVAB District with ASVAB
Recruiting Tested Develop- Recruiting Tested Develop-

Command with PERT mental Validation Command with PERT mental Validatioi

Northeast Region Southeast Region

Albany 28 13 -- Atlanta 34 14 -

Baltimore 33 15 4 Beckley .- -

Boston 33 9 1 Charlotte 75 24 3
-oncord 25 16 -- Columbia 76 17 3

larrisburg 49 30 1 Jacksonville 53 29 7
Uw Haven 28 7 -- Louisville 12 8 5

.ong Island 103 37 1 Miami 40 6

4ewburg, :7Y 39 22 - Montgomery Is 18 5
?t. Monmouth, NJ - .. Nashville 90 27 13

liagara FalLs 67 28 -- Raleigh 108 37 2

'hiladelphia 81 28 2 Richmond 15 6 7
littsburg 29 14 -- San Juan 85 9 19

;yracuse 87 31 -- Total 687 229 70
Total 602 250 9

ýouthwest Region

lbuquerque 31 11 3
alias 67 29 6
enver 18 1 3
ouston 43 17 8
acksor. 34 13 5
ansas City 46 28 10
ittle Rock 7 8 15
ew Orleans 31 18 6
klahoma City 64 18 17
an Antonio 43 15 9

Total 384 158 82
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Table 2 (continued)

Number of Applicants Number of Applica
Matched Matched

District with ASVAB District with AS'
Recruiting Tested Develop- Recruiting Tested Develop-
Command (DRC) with PERT mental Validation Command,(DRC) with PERT mental Va'

Midwest Region Western Region

Chicago 27 6 9 San Francisco 72 32
Cincinnati 57 23 15 Honolulu ....
Cleveland 105 31 31 Los Angeles 40 14
Columbus 99 44 22 Phoenix 72 17
Des Moines 16 9 7 Portland 23 5
Detroit 27 11 7 Sacramento 59 10
Indianapolis 60 27 16 Salt Lake City 25 11
Lansing 39 11 11 Santa Ana 89 21
Milwaukee 72 30 17 Seattle 45 19
Minneapolis 56 21 17 Total 425 129
Omaha 36 17 12
Peoria 78 24 26
St. Louis 56 21 11

Total 728 275 201

Note: The number of applicant test results with unidentifiable
DRC was 76 for the total number of applicants tested, 6
for the developmental sample, and 4 for validation sample.
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Table 3

The Number of Applicants Tested on the
PERT in Each Regional Recruiting Comand (RRC)

Number of Applicants
Regional Matched with ASVAB
Recruiting Tested Develop-
Coumnand (RC) with PERT mental Validation

Northeast 602 250 (42Z) 9 (1%)

Southwest 384 158 (411) 82 (211)

Southeast 687 229 (331) 70 (IOZ)

Midwest 728 275 (381) 201 (282)

Western 425 129 (30Z) 107 (25%)

2,826 1,041 (371) 469 (17%)
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The distribution of both samples with respect to the demographic variables
"of Gender, Race and Education information available from the MEPCOM tapes, is
presented in Table 4. The validation sample includes a slightly higher proportion
of whites than the developmental sample, i.e., 712 vs. 61Z. The proportion
of males in both samples is identical, 78Z. The distribution of applicants by
education for the developmental sample is 41Z for high school graduates, 14%
for high school seniors and 45% for those with General Educational Diplomas (GED).
The corresponding distribution fcr the validation sample is 471, 111 and 42%.
Thus, the developmental and validation samples are similar with respect to
demographic characteristics.

A critical dimension of both samples is the range of scores on the AFQT
portion of the operational ASVAB. Table 5 reveals that the developmental and
validation samples are similar in respect to AFQT scores. Both samples include
a large proportion (711 and 671) of applicants who scored below the 50th
percentile. These proportions are fortuitous for our purposes because the
PERT predictions will be most useful for those applicants in the lower ability
levels who may not qualify for all MOS. In general, comparisons between the
developmental and validation samples indicate that there does not appear to
be any major difference between the two samples, even thougK the two samples
were not equally distributed among the five Recruiting Regions.

Analyses

To examine some psychometric properties of the PERT, subtest scale means,
standard devitions and Cronbach's coefficient alpha's, an index of the internal
consistency reliability, were computed in the developmental sample. The
validation of the PERT was accomplished by computing eleven separate regression
equations in the developmental sample. For each regression analysis, the
PERT subtest raw scores served as the predictor variables and each of the
ten Army Aptitude Area Composites and the AFQT successively served as the
criterion variable. Two features of these regression analyses need to be
explicated. First, the PERT was designed to predict Army Area Aptitude Composites,
not ASVAX indiVidual subtest scores. The ten Area Aptitude Composties with
corresponding M0S are presented in Table 6. Second, one PERT subtest, Coding
Speed (CS), was excluded as a predictor in the regression analyses. Preliminary
analyses of the distribution of CS scores showed many high scores. The
distribution indicated that about half of the applicants were apparently allowed
to respond beyond the 5-minute time of the subtest, thus invalidating the results.

Once the regression equations were computed in the developmental sample,
the regression coefficients (non-standardized beta weights) were used to compute
predicted ASYAB composite scores in the validation sample. The correlation
between the predicted and actual ASVAB composite scores in the validation
sample constituted the "validated" multiple R.
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Table 4

The Distribution of the Developmental
and Validation Samples with Respect to

Gender, Race and Education

Developmental Validation

Males 191 114
HS Graduate

Female 6J 41

Male 56 28
White HS Seniors

Female 21 9

Male 227 124
GED

Female 30 19
636 (61Z) 335 (71%)

Male 103 37
HS Graduate

Female 60 19

Male 43 5
Black HS Senior

Female 20 9

Male 108 43GED
Female 27 5

361 (34%) 118 (25%)

Male 15 8
HS Graduate

Female 4 2

Male 5 1
Other US Senior

Female 1 0

Male 22 8
GED

Female 3 1
50 (5%) 20 (4%)

Total 1,047 (100%) 473 (100%)
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Table 5

The Distribution of AFQT Scores
on the Operational ASVA]3 for the

Developmental and Validation Samples

AFQT Developmental Validation
Mental Percentile Sample (n - 1,047) Sample (n - 473)

Score Percent Cum. Percent Percent Cwn. Percent

1 93-99 2 100 1 100

2 65-92 18 98 20 99

3A 50-64 9 80 12 79

3B 31-49 21 71 26 67

4A 21-30 14 50 13 41

4B 16-20 12 36 12 28

4C 10-15 15 24 9 16

5 1-9 9 9 7 7
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Results

Table 7 presents the means, standard deviations and reliability coefficients
for the PERT subtests. Mathematics Knowledge (MK) was the most difficult of the
PERT power subtests. Its msan of 3.5 is substantially lower than the means for thi
other subtests. The mean and standard deviation for Coding Speed (CS) is misleadil
since, as mentioned previously, many applicants were apparently allowed to go
beyond the specified time limit. The reliabilities of the power scales are quite
adequate for ten-item scales.

Results of the regression analyses are presented in Table 8. The multiple
R's in the developmental sample were quite high, ranging from a low of .73 for
the Clerical (CL) Aptitude Area to a high of .82 for the Skilled Technician (ST)
and General Technical (GT) Aptitude Areas and the AFQT. When the regression
coefficients were validated in the second sample, multiple R's decreased
only slightly, with the exception of predicting CL, which decreased from .73
to .63. In general, however, the PERT appears to be a useful predictor of
Army ASVAB composites.

An examination of the standardized beta weights for the PERT subtests
(Table 8) reveals that the most useful subtests were Arithmetic Reasoning (AR),
Word Knowledge (WK), Mechanical Comprehension (MC) and Auto/Shop Information (AS)
followed by Math Knowledge (MK), Paragraph Comprehension (PC) and General
Science (GS). The PERT subtest Electrical Information (EI) did not achieve
a single beta weight above .10. Comparisons of the distribution of beta weights
across the PERT subtests in each regression equation with the actual corresponding
ASVAB subtests used to compute ASVAB composites (indicated by underlinings in
Table 8), suggests only a moderate relationship. This may be the result of
sample fluctuations as the correlations of the operational ASVAB subtests are
moderate to high (see Sims and Truss, 1980; Table K-3). It must also be
noted that the PERT subtests are typically based on half (or less) of the
number of items than the ASVAB subtests and, consequently, have lower reliabilities
The ASVAB subtest scale reliabilities range from .80 to .93 (Ree, Mullins,
Mathews and Massey, in press). This lower reliability of the PFRT scales would
account for some of the coefficient attenuation.

Summary and Conclusion

In this investigation, a newly developed test was validated. The PERT
was designed to be used by recruiters to test Army applicants in order to obtain
an indication of the applicant's eligibility for enlistment as well as for
specific MOS. One of the requirements for MOS entry is a qualifying score on
the relevant Army Aptitude Area Composite. The PERT responses of 1,047 May 1981
Army applicants were used to develop regression weights to predict their
ASVAB composite scores. The prediction equations were validated in an
independent sample of 473 June 1981 Army applicants. The results from this
research demonstrate that the PERT would be a usefu] tool for recruiters. The
final step remaining before implementation of the PERT as an Army recruiting
tool is to equate the PERT scales to the ASVAB scales. Recruiters need to know
what ASVAB values are predicted by which PERT values. This step will be
compeleted in the near future.
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Table 7

Means, Standard Deviations and Reliabilities
of PERT Subtest Scales

Standard Coefficient

PERT Subtest 1 Mean Deviation Alpha

Word Knowledge (WK) 5.6 2.6 .74

Arithmetic
Reasoning (AR) 5.1 2.6 .76

Paragraph
Comprehension (PC) 5.7 2.6 .73

Mechanical

Comprehension (MC) 5.4 2.3 .66

General Science (GS) 5.2 2.2 .62

Electronics
Information (EI) 5.0 2.3 .60

Mathematics
Knowledge (MK) 3.5 2.2 .64

Auto!Shop
Information (AS) 4.9 2.5 .69

Coding Speed (CS) 2  36.0 18.1

Note: 'A1l PERT subtests have 10 items apiece, except CS
which has 72.

2 Coefficient Alpha was not computed for CS since it

is a speeded test.
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The Great Training Robbery

Judah Katznelson, Research Psychologist
U.S. Army Research Institute for the Behavioral and Social Sciences

Alexandria, Virginia 22333

Abstract

Employee celection 3nd training constitute the major methods available

to an organization for Improving the ability of the work forcs. in large

part the major objective for both activities Is Identical, although they

achieve this purpose quite differently. Selection seeks to enhance ability

levels through a process of elimination. Selection procedures enable an

organization to hire a greater proportion of high-ablilty employees than

would otherwise be possible. Training, alternatively, seeks to achieve the

objective by Increasing the ability levels of the existing work force.

'Ahere are several reasons why most organizations will engage In both

selection and training, even though the objective of tPe two Is Identical.

For example. It Is generally very difficult to achieve a highly skilled

work force using jst one of the procedures. All DoD elements use both

procedures. However, by not going one step turther and training employees

:o enable them to approach their jobs from a common organizational frcme of

reference, the organization has, In effect, robbed Itself of valuable )mL

personnel and training resources. To prevent this, an Innovative approach

to training has enabled two DoD human factors organizations to Increase

their return for the training dollar and avoid the great training robbery.,

No scene from prehistoric times is quite so vivid as that of the
struggles of great beasts in the tar pits. In the mind's eye one sees
dinosaurs, mammoths and sabretoothed tigers struggling against the grip of
the tar. The fiercer the struggle, the more entangling the tar and no
beast is so strong or so skillful, but that he ultimately sinks.

Training over the past years has been such a tar pit and many great
and powerful beasts have thrashed violently in it. Many train'ng ar-
proaches have emerged with working programs but few have met fully the
goals and expectations. Large and small, massive and puny, approach after

approach has become entangled in the tar. No one thing seems to cause the

difficulty - any particular paw can be pulled away. But the accumulation
of simultaneous and interacting factors brings slower and slower motion.

Everyone seems to be surprised by the stickiness of the problem and it is
hard to discern the nature of it. But we must try to understand the nature

of it if we are to solve it.

This paper has three objectives. First, we will describe some istic

dimensions of ability, focusing on differences in ability both within and

between people. Second will be a description of how an organizatior can
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attempt to mach the abilities of its employees with the obility require-
ments of its jobs. Finally attention is given to how an organization
can attempt to upgrade the ability levels of its work force through its
selection And training procedures.

We are all aware that group differences in physiological and psycho-
logical factors exist. What is often not so well known is that differences
between individuals are generally much greater than differences between
groups. Thus, knowing only one's group affiliation often tells us little
about the individual even though we know the average performance of the
group.

TMere are two types of individual differences that we must consider,
interindividual and intraindividual differences. Interindividual differ-
ences pertain to differences between people - for example, differences in
weight, intelligence and vision. On virtually every physical and psycho-
logical dimension, people demonstrate great variability.

Interestingly, however, the patterns of variability found among
individuals on different characteristics tends to be quite similar.
Specifically, the majority of persons tend to be arranged close to average
on the characteristic, while relatively few people tend to be extremely
high or low. If we were to take measurements on some characteristic from a
fairly large number of persons, the frequency distribution would often
appear as the classical bell-shaped curve.

These generrl observations should suggest to us something of the
type of finding to be expected if we were to analyze the performance of a
group of employees. If the distribution on some measure of performance
varies markedly from the bell-shaped curve, caution is in order. Suppose,
for example, that almost all of the employees are rated as high performers.
In that case we might suspect that (1) the organization has been enormously
successful in eliminating, through selection and/or training, the indi-
vidual differences to be expected, or (2) bias has crept into the measure-
ment system. The latter is frequently probable.

In contrast, intraindividual differences occur within individuals
and have to do with the relationship between two or more characteristics.
For example, if we know that an individual is high in verbal ability, can
we also assume that he is high in numerical reasoning ability? In general,
the answer to questions of this sort is no. Although positive relation-
ships do exist between certain characteristics within individuals, these
relationships tend to be low.

Again, the implications for measuring performance are fairly obvious.
We would expect little relationship between various performance subcom-
ponents of an individual being observed. Someone who is a conscientious
performer, for example, may have only average human relations skills and be
quite unknowledgeable about the task. A high degree of correspondence
between measured subcomponents taken on the same individual should make us
suspicious of the process we are employing to get those measures.



In an organizational context, it is of little value to view the abil-
It ies we have been discussing in some absolute sense. We cannot say, for
example, that an individual possessing third grade language capabilities
is adequate or inadequate without additional knowledge about the job
he is to perform. If the Job requires only an ability to write one's
name and read very simple instructions, the individual's language capa-
bilities may be adequate. Indeed, evidence suggests that individuals with
capabilities exceeding the requirements of the job may perform as inade-
quately as those who do not possess the requisite skills.

We think in terms of matching a person to the job he Is to perform.
Such a matching process, in turn, requires that we be able to measure the
abilities of the individual and the ability requirements of the job.
Individual abilities to perform on the job are often measured by perfor-
mance appraisals designed to identify various traits or characteristics of
workers. However, appraisal systems having worker's traits as their major
focus have generally not been very satisfactory. This results partly from
the difficulty of assessing individual traits by a procedure which requires
one person to observe another. It is also partly a system fault - that is,
the traits measured in many appraisal systems bear little obvious relation
to successgful performance of the task.

An alternative appraisal procedure which has gained increasing accep-
tance focuses on the behaviors rather than on the traits of an employee.
Through the use of critical incidents and related techniques, efforts are
made to identify behaviors which are closely related to either successful
or unsuccessful task performance. Although more will be said of these
procedures later, we wish to point out here that behaviors appear easier to
observe than ability traits per se. Thus, successful performance appraisal
systems are likely to measure behaviors which are one step removed from the
direct measurement of abilities.

In the preceeding paragraphs ability was defined, the nature of indi-
vidual differences in ability were identified, and the need to match
individuals to tasks in terms of the abilities required was discussed. Now
the focus turns to methods an organization has at its command to manipulate
individual ability so that a congruent person-job match my be obtained.
Our discussion will deal with two general procedures that exist, employee
selection and employee training, or development.

A major vky in which organizations attempt to manipulate the ability
levels of their work force is through employee selection. The core problem
of selection invokves the identification of appropriate ability levels
among job applicants. Appropriate ability is normally defined in terms of
the types of skills required for successful performance of some task.

Thus, selection can be thought of as being concerned with the identifi-
cation (prediction) of successful task performers p.ior to their employment
and can be achieved by the use of one or more predictors (e.g., tests,
interviews) to assess the probable future organizational success of job
applicants.
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Suppose1  for example, that a group of sales aspirants applying to
an organization are given a short general aptitude test and an interest
inventory which measures preferences for various types of careers. After a
sufficient time had elapsed, their ability to perform the job would be
examined. The examination might take the form of a supervisory performance
evaluation of each employee. This evaluation and the results from the
two tests would then be compared. Suppose that this comparison showed
that: (1) individuals preferring business and related careers on the
interest inventory generally received higher evaluations than persons
preferring nonbusiness-relsted careers, and (2) there was no relatiouship
between aptitude test scores and supervisory evaluations.

The results obtained above could subsequently be used to assist in
the selection of new employees. Specifically, future job applicants should
he given the interest inventory, but not the aptitude test, since the
latter showed no relation to job success. Efforts should be made to hire
those applicants who indicate business and related career preferences on
the interest inventory. This hiring procedure should result in the employ-
ment of a larger proportion of individuals who will contribute to the goals
of an organization than would otherwise be the case.

The accuracy of the statement above depends on three important assump-
tions that require brief elaboration. First, for any selection procedure
to be useful there must be more applicants than there are jobs. This is
necessary so that the organization can choose among the applicants, ac-
cepting the "best" and rejecting the "poorest.- In the illustration, this
would consist of accepting individuals showing business and related career
preferences on the interest inventory.

Second, we must assume that the conditions prevailing when the predic-
tors were initially validated apply when they are used to make selection
decisions. If they do not, the predictor-performance relationships
observed in the validation study may inadequately describe the relation-
ships under the changed conditions. We must assume, for example, that job
applicants as a group remain essentielly the same over time. This is
likely to be a tenuous assumption if the job market fluctuates markedly.
Additionally, we must assume that the content of the jobs involved remains
stable over time. This, too, is a tenuous assumption in a technologically
innovative organization.

The only certain test for the second assumption is a continual revali-
dating of our predictor instruments through time. We may expect to fInd
some shifting about in the contribution of various predictors to successful
selection. It should also be obvious from this discussion that the utili-
zation of a predictor in our organization simply because it has demon-
strated validity in some other organization is unwarranted. We cannot
safely assume that the predictcr-performance relationship will generalize
to our situation t,c matter how similar the tasks and job applicants appear.

The final assumption is in some respects the most important. We
must assume that the measure of job performance, in the illustration - a
supervisory evaluation, "gets at" what we regard as important for the
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success of our organization. For example, do differences in evaluations
"reflect real performance differences, or do they instead merely reflect
supervisors' preferences for various employees? For the purposes of
this paper, let it suffice to say that employee selection constitutes one
important personnel activity where adequate performance appraisal is
crucial.

Training, or development, of employees is the second major method
an organization employs to manipulate the ability levels of its work
force. Training frequently involves new employees, but may also include
existing workers whose skills are deemed insufficient for their current
job or for a job to which they are promoted.

Like selection, training can be viewed as a process for manipulating
skill levels. As such, training may be thought of as involving:

1. Identification of the skills to be learned through training;
2. Identification of participants to receive the training;
3. Development or selection of procedures which enable participants

to learn efficiently the required skills;
4. Appraisal of the training procedures' effectiveness.

Once identifying what skills are to be learned, we can turn to an
identification of the persons who would benefit from learning them. With
new employees, everyone in the group may reasonably be included. This is
particularly appropriate when the skills to be learned are relatively
unique to the organization under consideration.

Bass And Vaughan (1966) suggest that any training technique be judged
by how well it conforms to the findings from learning theory. As such,
they suggest that an appropriate training procedure (pg. 86):

I. Provide for the learner's active participation;
2. Provide the trainee with knowledge of results about his attempts

to improve;
3. Promote by means of good organization a meaningful integration of

learning experiences that the trainee can transfer from training
to the Job;

4. Provide some means for the trainee to be reinforced for approp-
priate behavior;

5. Provide for practice and repetition when needed;
6. Motivate the trainee to improve his own performance;
7. Assist the trainee in his willingness to change.

An example of how this procedure was utilized can be seen from the
efforts of two DoD human factors organizations: the US Army Human Engi-
neering Laboratory, and the US Navy's Human Engineering Branch of the
Pacific Missile Test Center.

These organizations faced a common personnel problem. Both groups
hired people with various educational backgrounds. Not only did the

633



educational accomplishments of the employees range from college to the
post-graduate level, but the expertise ranged across various fields such as
psychology, anthropometry, engineering and computer science. Like most
organizations, these DoD components engaged in both selection and training
to meet their personnel needs.

Because the Army and Navy are increasingly pleased with the success
of self-paced, interactive instruction and programmed instruction texts,
they collaborated on a computer-based training course that combined modern
training procedures with an approach that allows the accomplishment of
the seven steps mentioned above. Additionally, by recognizing and ad-
dressing the need to provide their people with a common technical frame of
reference among human factors specialists - wherever they may be em-
ployed - these organizations have increased their return for the training
dollar. By using this additional step, they have avoided the great
training robbery that so often inhibits the potential for the maximum
payoff of valuable personnel and training resources.

In conclusion, the most suitable evaluation from an organization's
point of view will be direct evidence about employee performance. The
basic question is, has the performance of the participants benefited from
the training program. Thus in training, as in selection, the ultimate
value can be determined only after employees' contributions to organi-
zational objectives can be properly assessed and success can be realized
when innovative approaches are used to increase the efficiency of good
training and selection procedures.
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Abstract

Recent research by Maier and Grafton (1981) has demonstrated the effective-
ness of aptitude composites from the ASVAB 8, 9% and 10 in predicting training
success and job proficiency. The present study was concerned with assessing the
ability of the ASVAB composite scares to discriminate individuals in Infantry
training recommended for early separation under the Trainee Discharge Program
(TDP) from successful trainees. The composite scores of 87 TDPs and 87 non-TDPs
were compared. A discriminant analysis revealed that approximately 69Z of the
TDPs and 69% of the successful trainees could be correctly classified using a
weighted combination of three ASVAB composites. The classification functions
derived from the initial !.ample were applied to a second sample (N-80) and showed
that approximately 70% of both the TDPs and successful recruits could be correctly
classified. When these classification functions were applied to a more realistic
sample (N-419) and success-failure base rate was taken into account, it was found
that 97% of the successful recruits could be correctly classified, but only 3%
of the TDPs. Reasons for the ASVAB's inability to accurately identify TDPs and
directions for future research are discussed.

Introduction

Since the inception of the all volunteer Army in 1973, there has been an
increasing focus on personnel attrition. Recent reports (e.g. Frank & Erwin,
1978, Youngblood, Laughlin, Mobley, & Meglino, 1980) indicate that approximately
ten percent of all incoming enlistees do not make it through Basic Combat Train-
ing (BCT) and, One Station Unit Training (OSUT). Given the size of the total
incoming enlistee population, such attrition rates represent a sizable cost to
the Army in terms of both money and wasted training time.

Currently, recruits who are having problems (non-medical in nature) in
OSUT and who have not responded to various motivational strategies (e.g. counsel-
ing) are recommended for early discharge under the Trainee Discharge Program (TDP).
The Trainee Discharge rrsgram was designed by the Department of the Army to permit
the rapid separation of those individuals deemed unfit for military service. The
existence of such a program is highly desirable from the standpoint of the unit's
morale as well as one of training efficiency (i.e. the sooner undesirables are
identified and removed, the less expense there is to the Army).

The rationale behind the Trainee Discharge Program is sound but can be
quite costly. For example, during FY 1930 at Ft. Benning there were approxi-
mately 1400 TDPs; most of these individuals were identified by about the sixth
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week of training. When one considers the cost of putting one enlistee through
OSUT at Ft. Benning during FY 1980 was $23,599.00, it becomes clear that a
large amount of money is being lost by the Army on these unsuccessful recruits.

If, however, a significant number of these TDPs could be reliably identi-
fied and screened out before they begin OSUT, a substantial amount of time and
money could be saved.

Several strategies have been suggested for identifying early attrites
e.g. autobiographical data (Frank & Erwin, 1978); assessment of recruits expected
satisfaction, intentions toward completing their enlistment, and their attraction
to the role of being a soldier (Youngblood, Laughlin, Mobley, & Meglino, 1980).
Early reports on these efforts are quite promising but they are still in the
developmental stage and/or have yet to be implemented on a large scale.

Another potential selection device is the Armed Services Vocational
Aptitude Battery (ASVAB). Although not designed specifically for this purpose,
it does have the advantage of already being used on a large scale by the
Department of Defense, and if found to be successful at identifying early
attrites would represent a relatively cost free selection instrument.

The ASVAB was designed by the Department of DeienL-e to assess mental
qualification for enlistment and to classify accession into skill training
programs. The ASVAB provides an Armed Forces Qualification score, which is
already used to screen out applicants unqualified (ability wise) for enlistment.
The most recent ASVAB, form(8/9/10), contains ten subtests and ten composites
(i.e. Combat, Field Artillery, Electronics Repair, Operators and Food, Sur-
veillance and Communications, Mechanical Maintenance, General Maintenance,
Clerical, Skilled Technical, and General Technical). Each composite with
the exception of General Technical is composed of from three to five subtests
which were found to be the most valid predictors of success in the job training
programs. The aptitude composites are used to determine the eligibility for
assignment to job specialties. (See Maier & Grafton, (1981) for a more complete
description of the subtests and the composites comprising the ASVAB).

The primary focus of this investigation however, was to assess the utility

of ASVAB as a predictor of early attrition from the U.S. Army.

Method

Subjects

Scores on the ASVAB Composites, Ethnic Status, Performance-Oriented
Infantry Qualification Test (POIQT) results, and graduation status (whether or
not a recruit was a TDP) were obtained on 1094 men who were members of OSUT
companies which began training between 1 September and 31 December 1980.
Out of these 1094 recruits 170 were identified as TDPs.
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Results and Discussion

During the time period sampled from, two different versions of the
ASVAB were given (7b & 8, 9, 10). Fruchter and Ree (1977) have suggested
that these are equivalent forms, and will be considered as such from a
statistical perspective. A stepwise discriminant analysis (Nie, Hull,
Jenkins, Steinbrenner, & Bent, 1975) based on 87 TDPs and 87 successful 1
trainees (determined from passing POIQT scores) was performed using nine
ASVAB components as the discriminating variables. While the successful
recruits scored significantly higher on all of these components, the results
of the stepwise discriminant analysis indicated that the two groups could be
optimally discriminated using three components: combat arms, clerical
knowledge, and electronics information.

The chi-sguare associated with the resulting lambda of .8174 was highly
significant, X2(3) - 34.368, p < .00001, indicating that the three components
could differentiate between the groups. It should be noted, however, that
the large lambda signifies that the difference between the group centroids
(.469 for the successful trainees and -. 469 for the TDPs) was rather small.

The single discriminant function that was derived was also significant
(by virtue of the significant chi-square) and took the following form:

"DiscrJminant - -12.1111 + .03387(Combat) + .06076(Electronics) - .2705(Clerical)
"Score

SSince the major interest was in the ASVAB's ability to identify TDPs,
a separate "classification function" for each group was derived based on the
three aforementioned discriminating variables (composites). The functions
for each group were as follows:

Successful Trainees

Score = -80.660 + .56093(Combat) + .63416(Electronics) - .2705(Clerical)

TDPs

Score = -69.279 + .52909(Combat) + .57704(Electronics) + .25076(Clerical)

Each function was applied to both groups of enlistees, producing two class-
ification scores per person. A case was classified into the group whose function
yielded the highest score, since the scores have the property that the case re-
sembles most closely that group on which it has the highest score (Klecka, 1980).

When these functions were applied to the derivation sample, 69.54% of all
the recruits were correctly classified. Cell breakdowns showed that approximately
69% of the TDPs and 70.1% of the successful trainees were correctly identified.

1 The General Technical (GT) score was omitted from the analysis due to

its redundancy with several of the remaining components.

637

........... ......... -. -... 111!-1-M- WN. - -



The same functions were then applied to a holdout (cross-validation)
sample of TDPs (N=40) and successful recruits (N=40) and resulted in no loss
of accuracy. In fact, 71.25% of all recruits in this sample were correctly
classified. Cell breakdowns showed that 70% of the TDPs and 72.5% of the
successful trainees were correctly identified.

In order to assess the effectiveness of these functions in a more
realistic situacion, a sample was created in which ten percent of the recruits
were TDPs (N=42) and the remaining ninety percent were successful trainees
(N-377). The classification functions were then applied to this second cross-
validation sample; this time however, the functions were adjusted to take into
account the prior probabilities of belonging to the successful trainee group
(.90) or the TDP group (.10). The results of this validation effort indicated
that 88% of all recruits were correctly classified. However, the individual
cell breakdowns showed that 97% of the successful recruits could be correctly
classified but only 3% of the TDPs (See Table 1). These results strongly
suggest that the predictive utility of the ASVAB with respect to identifying
early attrites is negligible.

Inspection of the distribution of discriminant scores provides some insight
into the ASVAB's inability to identify early attrites. Figure 1 shows the dis-
tribution of discriminant scores for both the TDPs and successful trainees. It
can be seen that the distributions of both groups overlap with each other to a
considerable extent. The overlapping distributions and a 90% base rate of
success in OSUT may explain in large part the inability of the ASVAB to
discriminate the TDPs from the successful trainees.

Further analysis of the two distributions raises some other noteworthy
points. Assuming that these sample distributions are representative of the
actual population distributions for TDPs and successful trainees, one thing
,that stands out is that the population of TDPs appears more homogenecus and
tends to cluster at the lower end of the continuum. There are, however, some
n "•:able exceptions. Approximately 22% of the TDPs fall in the mid to upper end
of the continuum of discriminate scores. Also, of interest is that some of the
successful recruits had scores at the extreme lower end of the continuum.

The cluster of TDPs at the lower end suggests that these individuals may
be deficient in some core ability like reading comprehension and this alone
could account for numerous problems in OSUT.

Nevertheless, it is also clear from Figure 1 that some people with these
"deficiencies" do, in fact, make it through training. Several possibilities
may account for this: the unreliability of the instrument, high levels of
motivation that would overcome any learning deficit (i.e. halo effect), or
certain dispositional characteristics (e.g. compliance) that would allow
someone to go through training with a minimal amount of conflict. The poss-
ibility also exists that incompetent people are not being terminated from the
Army during OSUT due to differential criteria for evaluating competence at the
company level.
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TABLE I

COMPARISON OF ACTUAL GROUP MEMBERSHIP WITH
PREDICTED GROUP MEMBERSHIP FOR TDPs AND
SUCCESSFUL TRAINEES*

PREDICTED GROUP MEMBERSHIP

ACIUAL GROUP CASES SUCCESSFUL TDP1* I

SUCCESSFUL 377 368 (97.6%) 9 (2.4%)

TDP 42 41 (97.6%) 1 (2.4%)_ PERCENTAGE OF RECRUITS CORRECTLY CLASSIFIED: 88%

"PRIOR PROBABILITIES SET AT ,90(SUCCESS)
AND .10 (FAIL)
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The presence of TDPs at the mid to upper end of the distribution would
seem to indicate though that a single core ability like reading comprehension
(while important) is net the only reason why someone uould be unsuccessful.
It should come as no surprise that people might be unsuccessful for any
number of reasons, see which are unrelated. There is no reason to expect, for
example, that problems with authority figures shotild be related to reading skills.

Conclusion

The results of this study suggeot that while the ASVAB may be a reliable
predictor of job proficiency (Mater & Grafton, 1981) it does not appear to be
a very affective predictor of attrition in basic training. It should be re-
iterated again, though, that the ASVAB was not designed with this purpose
specifically in mind.

Nevertheless, this research effort does suggest a course for future
research in this area. Although some aptitude/ability may be necessary to
get through basic training, other factors which may be even more critical in
determining trainee success are the motivation, interpersonal style and
background of the recruits.

Thus, future efforts at identifying high risk recruits might be more
profitably directed toward the following strategies (or combinations):
intention and attitudinal measures (e.g. Youngblood, et al, 1980); auto-
biographical data (e.g. Frank & Erwin, 1978); and realistic job prLviews
(e.g. Wanous, 1978).

Given the expenditures associated with those recruits who are separated
from the Army prior to the completion of basic training, strategies for
identifying those individuals before they enter basic training should be
vigorously pursued and investigated.
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Kenaston, Alicia, US Office of Personnel Management, W&shington, DC.

(Thurs. A.M.)

Applying Linguistic Theory to Job-Related Verbal Tests

Ongoing research at OPM has indicated the applicability of lin-
guistic theory to the development of tests containing a verbal comr-
ponent. The ultimate aim of this research is a practical set of
construction roles that will allow item writers to control the reading
level of a test so that it (I) is job-relat.*d and (2) does not impede,

VD to any significant level, performance on item types which are intended

M to test a non-verbal ability.

This paper describes a technique for measuring and controlling
verbal difficulty based on applied linguistic theory. The technique

C)0 has been used successfully to control the effect of verbal complexity
on performance on a test of deductive reasoning. It is currently being

CI) evaluated to determine its usefulness In identifying the reading level
p 4  of a job and in developing a job-related reading test.

The technique is explained, with examples, and Its application
to job-related verbal tests Is discussed.
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Applying Linguistic Theory to Job-related Verbal Tests

Alicia Kenaston
Personnel Research and Development Center
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Ongoing research at the Personnel Research and Development Center

of the Office of Personnel Management focusses on developing a set of

rules based on applied linguistic theory for the construction of verbal

items. The ultimate aim of this research is a practical set of procedures

that will allow Item writers to control the verbal difficulty and make-up

of an item in such a way that the verbal component of a test is both appro-

priate and job-related. The verbal component is appropriate if it does

not impede, to any significant level, performance on item types which

are intended to test a non-verbal, ability, e.g., arithmetic reasoning.

A job-related verbal component conforms to the level of linguistic ability

required for successful performance on the job for which the applicant is

being tested.

The initial thrust of this research has been to develop a method to

control and quantify syntactic complexity at the sentence level. The

research departs from the premise that the sentence is "the ordinary vehicle

of linguistic reference" (Whorf, quoted in Bever, 1972). This implies

that the receiver of a message, whether written or spoken, does not only

decode the various lexical units with which he or she is confronted but

must also recognize and decode the syntactic and semantic relationships

which intertwine the lexical units in order to understand the message.

Studies of child language acquisitio. (for example, Bloom, 1970) have

suggested that even the one-word utterances of children just learning to

speak are actually £enteraces, loaded with syntactic and semantic information

that the cnild has not yet learned to encode linguistically. Gesture and

situaticnai cues help to decipher these utterances. So, for example the
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utterance "mommy" has an almost unlimited number of potential meanings:

"I see momy;- "hommy coisw here;- "I want mosy;" "This thing belongs to

mommy;" etc.

The psycholinguistic theory upon which the method for measuring language

complexity described here is based proceeds from the premise that the

sentence is the basic unit for encoding and decoding a message. However,

since the capacity of the short term memory is limited, a "pre-processor"

of linguistic information has been hypothesized. That is, a sentence which

is too long to be decoded in its entirety must be broken down into units

which are individually deciphered and stored. The investigations of Bfrer

(1972) enumerate three principal features of the pre-processing mechanism:

(I) The clause is the primary perceptual unit; (2) Within each clause,

semantic relations between major phrases are assigned; and (3) The clause

is recoded into relatively abstract form to "make room- for the next clause.

Bever's findings suggest, in part, that the number of clauses per sentence

is a factor of sentence difficulty.

The Clause Analysis Technique

Cook (1975) has developed a clause analysis technique for the measure-

ment of style complexity. This method has the advantages of being fairly

easy to use while yielding detailed syntactic information. it can easily

be employed by anyone with a strong grasp of traditional grammar and a mind

open to a few insights from linguistic theory.

Independent of Bever's work, Cook designated the clause the basic

unit of analysis. The technique involves three levels of crause structure:

(1) the basic unit, (2) the information block, which consists of a main

clause and the clause group clustered around it, and (3) the sentence,
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which may consist of one, or, in the case of compound sentences, more

information blocks.

There are two major steps in the clause analysis technique, the first

to identify the clauses and the second to compute the style indices, which

are based on the three levels of clause structure described above. A clause

contains a verb phrase, usually only one, although conjoined verb phrases are

possible. The first rule for identifying clauses is thus to identify

the verb phrases. Due to the application of transformational rules to the

deep structure of a sentence, verbs are sometimes deleted from the surface

representation of a clause. These verbless clauses include comparisons,

postposed locative and adjective phrases, appositives, and so on.

Identifying Clauses. As stated earlier, the identification of clauses

is essentially the identification of verb phrases. The following sentences

can easily be analyzed into their clause components:

(1) They attended the conference that was sponsored by MTA.

(2) The investigator intended to analyze linguistic complexity.

(3) They arrived for an 8:00 am session drinking coffee.

(4) If you don't understand this, you can ask questions.

Each of the examples above contains two clauses. In the analysis of clauses,

care must be taken not to separate auxiliary verbs from the lexical verbs

to which they belong. Thus, in sentence I "was", the passive marker, is

included as part of the verb phrase "was sponsored;" in sentence 4 "don't"

and "can" are included as part of the verb phrases "don't understand" and

"can ask". The auxiliary verbs are: (a) auxiliary "be" in the progressive

tenses and the passive, (b) modal verbs such as "will," .. can," "must,"

"'should," etc., (c) the perfect marker "have", and (d) auxiliary "do."

A verb phiase may have more than one auxiliary: "I didn't see the
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manuscript, but it might have been being typed."

Verbless clauses are only a little more difficult to uncover. The

following examples do not exhaust the possible types of verbless phrases:

(a) comparative
(5) This year's conference is bigger than last year's (was).
(6) This workshop lasts as long as that one (lasts).

(b) postposed adjective and locative phrases
(7) They attended the conference (that was) sponsored by MTA.
(8) The papers (which are) under the heading 'Test Development'

look interesting.

(c) appositives
(9) The headquarters of MTA, (which is) the sponsor of this

conference, are located in Virginia.

Computing the Style Indices. Following the conventions of traditional

grammar, one of the verb phrases is designated the main clause. In sentence

1, the main clause is "They attended the conference;" in sentence 4 the

main clause is "you can ask questions." Generally, the main clause contains

the subject of the sentence and the verb phrase closest to it.

After identifying the clauses, the analyst rewrites them, a clause to

a line, indicating the main clause with the letter A, clauses subordinate

to the main clause with the letter B, clauses subordinate to a B clause with

the letter C, etc. This process is called reduction. The sample sentences

may be reduced as follows:

(1) #A They attended the conference
B that was sponsored by MTA

(2) #A The investigator intended
B to analyze linguistic complexity

(3) #A They arrived for an 8:00 am session
B drinking coffee

(4) #B If you don't understand this
A you can ask questions
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The symbol "'#" is used to indicate the beginning of a sentence.

Compound sentences may also be reduced:

(10) #A The investigator presented a paper
+A and the participants asked questions

The symbol "+" indicates the boundary of an information block.

When the clauses have been identified and reduced, main and subordinate

clauses indicated by the appropriate letter, the analyst may begin the

second step, the computation of language complexity. Cook describes three

indices of complexity: (I) average sentence length (ASL) - the average number

of clauses per sentence, (2) average block length (ABL) -- the average number

of clauses per information block, and (3) average clause depth (ACD) -- the

average depth of embedded clauses. The "depth" of an embedded clause is

determined by its distance from the main clause; that is, a clause desig-

nated as a C clause in the process of reduction is more deeply embedded

(farther from the A clause) than a B clause. Clauses have been assigned

arbitrarily the following values: A - 1, B - 2, C - 3, etc. The Appendix

presents the analysis of a sample text.

Applications

The clause analysis method has been used in PRDC in three different

types of tests: syllogistic reasoning, arithmetic reasoning, and reading

comprehension.

In the syllogistic reasoning experiment, the technique permitted the

investigator to systematically control the syntactic configuration of four

series of items. Two of the series, labeled "simple syntax", consisted of

sentences containing ao embedded clauses and two series, labeled "complex

syntax" consisted of sentences containing various numbers of clauses. The
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syntactic configuration of all of the "simple syntax" items was identical.

Individual items in the two series labeled "complex syntax" also had iden-

tical syntactic configurations (e.g., item 1 had the same number and depth

of clauses in each version). The complex syntax items were constructed by

matching the type of clauses (A, B, C, etc.) in each version of an item.

With the number and depth of Lhe clauses held constant, the investigator

is able to study the effects of other linguistic variables on test perfor-

mance - in this case the effects of vocabulary difficulty.

A method of reducing the syntactic complexity of a test of arithmetic

reasoning was developed using clause analysis as a base. The purpose of

the experiment was to attempt to minimize the verbal load of the test and,

thus, minimize discrimination against deaf applicants who generally do not

perform as well as hearing subjects on tests of arithmetic reasoning because

of the high verbal content of this item type (Stunkel, 1957, for example).

Preliminary results show fewer omissions on the modified items, indicating

that the deaf subjects are spending less time trying to decode the verbal

component of the items.

Currently we are carrying out a study to compare the efficiency and

accuracy of clause analysis in describing the difficulty of reading materials

with that of the Flesch Reading Ease formula. Correlations so far are

in the high sixties. Clause analysis gives the item writer a coherent frame-

work of linguistic structure in which to work. For example, an item writer

trying to construct items within the reading level of a specific job would

know to avoid (or maximize) the use of deeply embedded clauses. Clause

analysis provides a linguistic guide to be used during the item writing

process itself, as opposed to the Flesch, which serves principally as a

post-facto index of reading level.
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Because it is easily and quickly calculated, clause analysis would be

a valuable tool in determining the reading level of jobs and in developing

tests with a demonstrably job-related verbal component.
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APPENDIX

Clause Analysis of a Sample Text

1. #A Chomsky's position not only is unique within linguistics at the

present time

2. B but is probably unprecedented in the whole history of the subject.

3. IA His first book (4) (5) revolutionized the scientific study of language

4. B published in 1957

5. B short and relativley non-technical though it was

6. +A and now he speaks with unrivaled authority on all aspects of grammatical
theory.

7. #A That is not

8. B to say, of course,

9. C that all linguists, or even a majority of them, have accepted the
theory of transformational grammar

10. D that Chomsky put forward some thirteen years ago in Syntactic
Structures.*

The symbol "t" indicates sentence boundaries.
The symbol "+" indicates block boundaries.

Computation of Indices

1. Average Sentence Length - number of clauses - number of sentences

10 - 3 - 3.33

2. Average Block Length - number of clauses - number of main (A) clauses

10 - 4 - 2.50

3. Average Clause Depth - total value of clauses - number of clauses

19 - 10 a 1.90

* From Lyons, John. Noam Chomasky. New York; The Viking Press, 1970.
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Commanders' Assessment of Unit Effectiveness Measures

S•/The purpose of this research was to investigate how the important

area of unit effectiveness is assessed in the Army. Data was collected
from a sample of senior Army commanders regarding their perceptions of
axisting standard Army measures of battalion effectiveness. These
measures naturally classify into three groups: (1) command indicators
(e~g., AWOL rates, Articles 15); (2) readiness measures (e.g., equip-
ment rated ready, annual general inspections); and (3) the personal
judgments of subordinate Army leaders. Senior Army leaders chose those
measures from all of these groups which provided for them the most

Saccurate picture of a battalion's effectivenese. It was found that
military leaders not only have predetermined attitudes toward all
existing effectiveness measures, but that even when this rater bias is
controlled, there exists a definite preference for specific groups of
measures. The command indicators were found to have the least per-
ceived validity and utility for Army leaders, while personal judgments
and readiness measures were rated significantly higher for their

C credibility in assessing battalion effectiveness.,
/ "

PREVIOUS PAG -
3BLANK

-- 653



CO3MANDERS' ASSESSMENT OF UNIT EFFECTIVENESS MEASURES

Susan E. Kerner-Hoeg and Francis E. O'Mara

INTRODUCTION

A critical facet of successful iperations by any organization is the
continual monitoring of organizational performance. The information gathered
through such activity is of importance for the development of realistic goals,
for planning optimal strategies for achieving these goals, and for the iden-
tification and remediation of organizational deficiencies. Nowhere is organ-
izational effectiveness measurement more vital than in the military, given
the potentially disastrous consequences of misjudging national defense capa-
bilities. Further, the estimate of aggregate military potential has broader
national implications inasmuch as such estimates inluence decisions in other
areas of national concern, such as development of Federal budget priorities
and the formulation of U.S. foreign policy. Thus, the development of means
to accurately assess the strengths and deficiencies of military units is a
vital concern both for the military as well as for our larger society.

Given the importance of measuring unit effectiveness, it is not sur-
prising that the Army has traditionally monitored quantified measures of
many facets of unit operations at all echelons. These measures have encom-
passed such disparate areas as the compilation of the maintenance status of
mission-essential equipment to the tallying of chapel attendance by unit
personnel. The manifest importance of unit effectiveness assessment is
evidenced by the command attention paid to it and the diversity of measures
employed in this assessment. Despite such attention, however, there has
been a growing body of criticism regarding the accuracy and adequacy of
current methods of monitoring the effectiveness of Army units.

Much of this criticlm has centered around reported deficiencies in
systems of unit readiness reporting (Barzily, Catalogne, and Marlow, 1980;"
Bowser, 1976; Robinson, 1980; Sorley, 1980; U.S. Army War College, 1976). This
degree of attention is appropriate since this system constitutes the major means
by which higher echelons monitor the effectiveness of Army battalions and
separate companies. Even though the data from this reporting system provide
major input to the development of Army contingency plans and guide high level
resource allocation decisions, the consensus of opinion of those who have
examined this system is that it is seriously faulted. As an example, in the
Army War College study (U.S. Army War College, 1976), questionnaires measur-
ing perceptions regarding the Unit Status Report (USR) were administered to
approximately 2100 Army personnel. A full 70 percent of this sample reported
that the USR does not reflect the true readiness condition of a unit. This
opinion was likewise voiced in the course of interviews with over 1200 per-
sonnel conducted as another component of this same study. In addition to
some technical problems in the actual computation of indices contained on
the USR, this study found two major factors undermining the accuracy and
credibility of this reporting system. The first factor concerned the sub-
stantial degree of latitude for subjective interpretation of unit conditions
that was permitted in f'lling out the Unit Status Report. As an example,
the Training Readiness 'ndition index, which constitutes a major component
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of the unit's readiness, is based totally upon the unit commander's subjective
estimate of the number of weeks of training the unit would need to be fully
ready for combat. It was the conclusion of this study that "The training
portion of the USR was too subjective to be anything more than a wishful-
thinking guess. The training REDCONs being reported are therefore regarded
as both inflated and invalid by a sizable majority of those interviewed, par-
ticularly at compary level." This opinion has also been advanced by others
who have examined the validity of current unit readiness reporting procedures
(Robinson, I9SE; Ross, Murphy, March, and Robinson, 1979; U.S. Army Concepts
Analysis Agency, 1975).

The second major problem in the USR uncovered in the Army War College
study concerned a conviction by those surveyed and interviewed that there was
pressure on unit commanders to portray the unit's capabilities in the best
possible light even to the extent of masking genuine unit deficiencies. This
problem area is one which bodes ill not only for the validity of the Unit
Status Report itself, but also for the validity of any systematized quantifi-
cation of unit readiness indices. A key conclusion of this study therefore
was that the current Unit Status Report reflected Army units not as they
actually were but rather the units as all would wish them to be.

Since the publication of that study, efforts have been made to revise
and improve unit readiness reporting by increasing the reliance on objective
measurements of unit conditions rather than on the subjective interpretation
of the unit's capabilities. As of 1980, however, Sorley held that the Unit
Status Reporting system continued to suffer major deficiencies. The most
central of these deficiencies continued to be the need to separate the pro-
cess of evaluating and monitoring unit effectiveness from the process by
which the performance of Army officers is evaluated. Sorley believes that
only by removing the responsibility for unit readiness reporting from the
chain of command, which likewise evaluates the performance of the individuals
who provide unit effectiveness data, can the real or perceived pressure to
inflate estimates of unit effectiveress be removed.

Sorley further holds that the Unit Status Report has excluded variables
which are essential to combat readiness and therefore the USR can only par-
tially reflect the tctal capability of the unit. Factors such as unit cohe-
sion and the turnover and competence of key unit personnel are those which
he feels are important contributors to total unit capability but which are
not now employed in estimating the unit's effectiveness. Sorley likewise
suggests that the information contained on the USR be complemented with the
professional judgment of individuals familiar with the unit. This, of course,
would only be feasible where this judgment could be rendered frankly and operly.

The evaluation of unit effectiveness in the Army is not restricted to
the USR. The Army has had a long tradition of monitoring an extensive series
of variables which purportedly reflect the state of morale and discipline in
the unit. Known collectively as "command indicators" or "traditional indi-
cators," this set of unit measures typically includes such variables as
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reenlistment rates, crime rates, and indices associated with the administration
of military justice. Unlike the USR measures, these indices are not systemat-
ically reported at the unit level to the higher echelons of the Army command
structure. However, unit measures on these variables are used frequently at
the local level as indicants of unit conditions and problems. Sorley (1979)
has been critical of the use of such measures inasmuch as he sees them leading
to a "management by statistics" in which those factors which are more readily
quantifiable are given greater command emphasis than those which are more dif-
ficult to quantify, but which more substantively support and reflect unit
effectiveness. Too often, he feels, command attention is expended on "getting
the numbers right" in such areas of questionable military value as motor vehicle
accident rates or the number of letters of indebtedness among unit peronnel. This
occurs at the expense of diverting command attention from such areas as unit train-
ing and equipment maintenance, which are more directly supportive of the unit's i
mission. The position underlying-his assertions is that statistical indices
of unit operations, particularly those relevant to the personnel area, are of
questionable utility in assessing areas pertinent to unit effectiveness. This
is somewhat inconsistent with his position (Sorley, 1980) that the USR be sup-
plemented with measures in such areas as drug abuse, race relations, and the
alienation and commitment of the unit personnel. Clearly, some statistical
indices are more germane to unit effectiveness assessment than others. The
question remains unresolved as to the identity of these measures. The prolif-
eration of statistical indices used to monitor unit functioning has been fed
by the variation in opinion as to which of the wide variety of possible mea-
sures are the most accurate indicants of unit capability. This proliferation
has in turn led to many of the abuses and problems which have been identified
in the literature.:

The purpose of this research is to contribute to the resolution of these
problems by examining the value of the most typically employed statistical
indices in reflecting unit effectiveness. To date there has been no system-
atic examination across the broad spectrum of unit effectiveness measures
which would permit a determination of the relative value of these measures.
The absence of such information leaves unchallenged the possible reliance on
inaccurate or incomplete asse! sment of unit effectiveness and thus the devel-
opment of priorities based or. apparent rather than real problems.

METHOD

Forty-eight battalion commanders, twenty-eight brigade commanders, and
eight general officers located at six CONUS installations were interviewed
on the topic of battalion effectiveness. During the approximately one-hour-
long interviews, each subject was asked to discuss the most pressing manage-
ment problems confronting him in maintaining readiness, to operationally
define battalion effectiveness, and to evaluate the performance of his sub-
ordinate battalions. Each subject was also asked to assess various given
measures of battalion effectiveness. These measures can be classified
into three groups: Readiness Measures, Command Indicators, and Personal
Judgments.

656



The first of these groups, Readiness Measures, is a relatively direct
assessment of a unit's capability to perform its mission. This group of
measures includes the REDCON ratings from the USR, the percentage of unit
equipment that is operational (as gleaned from USR data) as well as ARTEP
and AGI results. A listing and definition of each of these measures can be
found in Figure 1.

Command Indicators are those measures which are traditionally held to
reflect a unit's state of morale and discipline. The specific Command Indi-
cators used in this study are listed and defined in Figure 2.

Personal Judgments are those opinions of battalion effectiveness held by
individuals at various echelons. The ascending hierarchy of authority and
the six specific levels used in this study are as follows: (1) Service mem-
bers in the battalion (SM); (2) Noncommissioned officers in the battalion
(NCOs); (3) Compauy grade officers in the battalion; (4) Brigade Commanders;
(5) Assistant Division Commanders; and (6) Division Commanders.

Subjects were asked to indicate "how accurate an assessment of battalion
effectiveness would be if it were based on any single piece of information
from the list provided." A measure providing complete accuracy would be
rated 100%, while a measure providing no information on unit effectiveness
would be rated 0%.

Subjects were further asked to choose from the given list of measures
the five which, in combination, would provide "the most complete picture
of a battalion's overall effectiveness."

RESULTS

Analyses of these data began with an examination of the degree to which
there was a difference in the perceived validity of the effectiveness measures
across positions (i.e., battalion commander vs. brigade commander vs. general
officer). A three-level one-way ANOVA was therefore performed on the validity
ratings given to each of the unit effectiveness measures. Of the twenty-two
measures tested, on only one was there a significant position difference (Drug
Arrest Rate). It was concluded that there existed no consistent position dif-
ferences in the perceived validity of the unit effectiveness measures, since
such a proportion of significant results is essentially what would be expected
from chance alone. Accordingly, the data from the three groups were combined in
all further analyses.

"The mean accuracy ratings assigned to each measure are rank ordered and
presented in Table 1. As shown, a wide range of mean ratings was obtained,
varying from 72.5% accuracy attributed to ARTEP results to an accuracy rating
of only 29.2% for desertion rates. In general, the Readiness Measures and the
Personal Judgments were given the highest validity as measures which individ-
ually render an accurate assessment of a battalion's effectiveness.
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Table 2 presents a rank ordering of the frequency with which each
measure was included in the group of five providing the most complete
picture of a battalion's effectiveness. The sharp drop in the frequency
of selection aft'r the fourth measure indicates that these first four
are important measures in providing an overall effectiveness assessment.
Measures of readiness, specifically the ARTEP and AGI, and the personal
judgments of those in the unit, specifically the company grade officers
and NCOs, were seen to provide the most information about battalion effec-
tiveness. Further, the top four measures in Table 2 are the same as the
top four in Table 1, implying that these measures are the most valid,
whether they are considered individually or in combination. For the most
part, the group of command indicators are located at the bottom of the
continuum on both Tables 1 and 2.

As seen in Table 1, all measures within each group (Command Indicators,
Personal Judgments, Readiness Measures) tended to be assigned similar accuracy
ratings. Thus, taere appears to have been a consistent rating applied to all
measures within each of the three groups of measures. That is, while
the judgments of unit NCOs may have been accorded higher validity by
subjects than the judgment of division commanders, the fact that both
measures entail personal judgments tended to produce very similar validity
ratings for both measures. To test this, coefficient alphas were computed
for each of the three groups to determine the internal consistency of
this grouping. These reliability measures are presented in Table 3A.
"All three coefficient alphas are above .89, revealing a high degree of
internal consistency within each group of effectiveness measures.

"- Tn order to detect whether there was a consistent style of rating
(i.e., preference of one group of measures to the exclusion of others),
the relationships among the three groups of measures was examined. A
mean rating was computed for each subject for each of three groups of
measures. Pearson correlations were in turn computed among these mean
ratings. These intergroup correlations are presented in Table 4A. A
substantial positive correlation exists among the three groups, suggesting
that even in the presence of a wide variation of mean ratings (as shown
in Table 1), there was a tendancy for subjects to display a rater bias
reflecting a global impression of the validity of any formal effectiveness
measure. Thus, a subject who gave high ratings to one group of measures
likewise gave high ratings to the other two groups. As an extreme example,
one subject's accuracy ratings of the individual measures ranged from
90-100, while another's ranged from 0-16.

Thus, to correct for this rater bias, a set of corrected ratings was
computed for each subject on each measure. This was accomplished by first
computing the average rating on all measures given by each subject. Each
subject's average rating was then subtracted from his original rating on
each measure to establish a set of corrected ratings for each subject.
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The rank ordering for these corrected ratings agrees totally with the raik
ordering oi the uncorrected ratings (Table 1), indicating that these earlier
results were not artifacts of subjects' biases toward effectiveness measures
in general. Thus, the ordering of the ratings for those with high confidence
in unit effectiveness measures is the same as that for those with low zonfidence
in unit effectiveness measures. The existence of this rater bias, however, does
raise the possibility that the high internal consistencies in each of three
groups of measures was not due to these existing as natural groupings in the
minds of the raters, but rather was an artifact of the rater bias. It is pos-
sible that the rater bias produced high intercorrelations among the ratings
given to all of the unit performance measures. This would in turn produce
high coefficient alphas for the ratings given to the measures within each of
the groups. This interpretation is made plausible by the substantial positive
correlations among the mean ratings given to each group of measures (Table 4A).
To test this interpretation, coefficient alphas were recomputed for each of the
three groups, based on the corrected ratings. These reliability measures are
presented in Table 3B. Though the alphas drop slightly from those based on
the uncorrected ratings, the internal consistency of the groups remains accept-
able, indicating that while these coefficient alphas were inflated by the rater
bias, they were not totally attributable to them.

Intercorrelations among the three groups of measures were next computed,
based on the corrected ratings. These intercorrelations are presented in
Table 43, showing correlations which are negative, in contrast to those based
on uncorrected ratings (Table 4A). The use of difference scores to correct
for the rater bias reveals a clearer picture of Army leaders' preferences
for different types of measures. That is, a definite tendency to favor one
type of measure over the other tjo is now displayed.

DISCUSSION

The results of this research indicate that the evaluation of the existing
Army battalion effectiveness measures has two facets. First, there is the
attitude military leaders have towards the general category of formal battal-
ion effectiveness measures. There was seen wide variation from commander to
commander in this attitude, with some commanders attributing very little cred-
ibility to any of the battalion effectiveness measures. Second, there appears
to exist in the perceptions of senior commanders a distinct typology of bat-
talion effectiveness measures. The wide spectrum of measures studied in this
research broke down into only three types, or groups, of measures in the eyes
of the interviewed commanders--Readiness Measures, including formal evaluations
of unit capability; Personal Judgments, the estimation of battalion effective-
ness by individuals within the unit and above the battalion in the chain of
command; and Command Indicators, which include traditional measures of unit
morale and discipline. These groups were seen to have differing degrees of
utility as indicants of battalion effectiveness. Readiness Measures and
Personal Judgments were seen to be similar in value whereas Command Indicators

659



were seen to have substantially less aerit as indices of unit effectiveness.
These findings are very nuch in line with those of other studies both in mili-
tary (Bowser, 1976) and in civilian organizations (Mdhoney & Weitzel, 1969;
Weitzel, Mahoney & Crandall, 1971) which show that managers display a clear
preference for operationally oriented measures as indicts of organizational
performance, especially in contrast to measures related to the personnel and
human relations areas.

From these results, at least two points are salient in their operational
implications: the low value ascribed to Command Indicators as measures of
unit effectiveness and the high value ascribed to Personal Judgments.

The first of thtse two results calls into question the practice of using
Command Indicators as measures of unit effectiveness. This finding is
surprising in light of th*- long history of itilization which such measures
have had in the military. Despite this tradition, the interviewed commanders
saw each of these measures as being ambiguous in their implications regarding
unit effectiveness since a high score on any of these measures could stem
from a multitude of possible causes. Thus, while each of these measures may truly
reflect the status of various personnel areas in the unit, this information
by itself is held to be too ambiguous to judge the effectiveness of the cwmand.
The use of such measures shoald therefore be restricted to the monitoring
of personnel trends and issues at levels above the unit. If such measures4
are used at the unit level to assess overall unit effectiveness, the present
results suggest that these measures should be used only in combination
with othe- indicants of unit operation. In using Comand Indicators to
assess the norale and the state of discipline of a given unit, especially
high or low scores on these measures should not be taken at face value but
rather should precipitate a fuller Investigation into the reasons behind
the scores. Only with this fuller base of information can sound conclusions
be reached regarding the state of the unit.

The relatively high validity ascribed to the Personal Judgment measures
supports Sorley's contention that ai ideal Unit Status Reporting system would
include the reporting of the professional judgment of battalion effectiveness
by key personnel. In light of the already well-documented pressure on unit
personnel to have USR data appear maximally positive, it is doubtful that
Judgments rendered within the context of the present USR system would
substantially contribute to a fuller assessment of unit readiness at higher
command levels. At the unit level, however, the high ratings given to NCO
and junior officer Judgments of battalion effectiveness support the notion
that unit commanders can best assess the day-to-day status of their units
by relying on the Input of their subordinates. It is these individuals
who have the most detailed and direct knowledge of unit strengths and
weaknesses inasmuch as it is they who directly address these areas in the course
of their daily duties. For such a rich source of information to be used to its
fullest potential, however, the cnomander must have the skill to solicit this
information in a frank and unbiased form. The high value attributed to these
estimates of unit perforaancc, therefore, underlines the importance of
ladership development for the Army. Without the requisite leadership
skills to involve his or hei subordinate leaders in the develorment of the
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total unit potential and to solicit and evaluate their frank judgment of
unit capabilities, unit commanders would be deprived of one of the major
instruments of monitoring and improving the operation of their units.

In the concept of prior work in this area (Concepts Analysis Agency,
1975; Robinson, 1980; Ross, et. al., 1979; Sorley, 1979; US Army War College,
1976), the present results call for a careful re-examination of the structure
and process currently employed to evaluate unit effectiveness. There continues
to be a pressing need to amend and improve current unit effectiveness assess-
ment systems used in the military. The process is ongoing; it needs to con-
tinue and accelerate.

661



REFERENCES

Barzily, Z., Catalogue, P. R., & Marlow, W. H. Assessing Marine Corps

Readiness (T-430). Washington, D.C.: The George Washington University,
September 1980.

Bowser, S. E. Determination of Criteria of Operational Unit Effectiveness
in the US Navy (NPRDC TR 76TQ-41). San Diego, California: Navy Personnel
Research and Development Center, August 1976.

Mahoney, T. A. & Weitzel, W. Managerial Models of Organizational Effectiveness.
Administrative Science Quarterly, 1969, 14, 357-365.

Robinson, R. M. Objective Measurement of Trainine Readiness. Carlisle
Barracks, Pennsylvania: US Army War College, May 1980.

Ross, G., Murphy) J., March, M., Robinson, R., & Tullington, B. Military
OrganrYaifional EffettieesReidinesand-Sustabiity. Final report to
Headquarters, Depattment of the AtAmv under Conta-ctC DAAK21-79-C-O0i5,
McLean, Virginia: Science Applications, inc., September 1979.

Sorley, L. Professional Evaluation and Combat Readiness. Military Review,
October 1979, 41-53.

Sorley, L. Prevailing Criteria: A Critique. In Sarkesian, S. C. Combat
Effectiveness--Cohesion, Stress, and the Volunteer Military. Beverly
Hills: Sage Publications, 1980.

"US Army Concepts Analysis Agency, Readiness System Study, Phase I Analysis.

AD-A029 387, August 1976.

US Army War College, US Army Unit Readiness Reporting. ACN 75025, June 1976.

Weitzel, W., Mahoney, T., & Crandall, N. A Supervisory View of Unit
Effectiveness. Final report to Office of Naval Research, under
Contract ONR N00014-68-A-0141-0003, Minneapolis, Minnesota: Industrial
Relations Center, University of Minnesota, 1971.

(i i



Figure 1

READINESS MEASURES

OVERALL READINESS A battalion's overall readiness status as
reported in the monthly Unit Status Report.

PERSONNEL READINESS A battalion's personnel readiness status as
reported in the monthly Unit Status Report.

EQUIPMENT ON HAND An index of the degree to which a battalion
possesses all authorized equipment, a reflection
of the battalion's supply system.

EQUIPMENT SERVICEABILITY The maintenance status of a battalion's equip-
ment, a reflection of the battalion's mainte-
nance system.

EQUIPMENT ON HAND RATED READY The proportion of equipment a battalion actually
has on hand that is operational.

ARTEP The percentage of the missions/tasks rated
"satisfactory" during a battalion's most recent
field training exercise.

AGI The percentage of the areas rated "satisfactory"
during a battalion's most recent annual general
inspection.
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Figure 2

COMMAND INDICATORS

ARTICLES 15 The percentage of enlisted personnel administered non-
judicial punishment (e.g., fines, reductions in grade)
during a given month.

COURTS MARTIAL The percentage of enlisted personnel receiving a
court martial during a given month.

AWOL The percentage of enlisted personnel who were involved
in unexcused absences during a given month.

DESERTIONS The percentage of enlisted personnel who deserted
during a given month.

FIRST TERM RE-UP The percentage of a battalion's first-term reenlist-
ment objective that was achieved in a given month.

CAREER RE-UP The percentage of a battalion's reenlistment objective
for career personnel that was achieved in a given
month.

CRIMES OF VIOLENCE The percentage of a battalion's enlisted strength
involved in crimes of violence in a given month.

PROPERTY CRIMES The percentage of a battalion's enlisted strength
involved in crimes against property in a given month.

DRUG ARRESTS The percentage of a battalion's enlisted strength
arrested for drug and marijuana violations in a
given month.
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Table 1

Accuracy Assessments of The Effectiveness Measures

Measure Mean Accuracy Rating

ARTEP 72.5 Z

Company grade officer's judgment 71.2 1

NCO's judgment 71.0 Z

AGI 66.7 Z

Equipment on hand rated ready 63.3 Z

Brigade commander's judgment 62.5 Z

Service member's judgment 62.1 Z

Equipment status 59.9 Z

Overall readiness 57.2 %

Assistant Division Commander's judgment 56.9 1

Division Commander's judgment 53.7 X

First-term reenlistment rate 51.3 2

Personnel readiness 50.7 Z

Equipment on hand 46.6 %

AWOL rate 45.9 %

Career reenlistment rate 43.8 Z

Crimes against property 38.1 %

Article 15s 37.4 %

Crimes of violence 36.7 %

Courts-martial rate 32.5 X

Drug/marijuana convictions 30.8 %

Desertion rate 29.2 %
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Table 2

Group of Five Measures
Providing Most Complete Picture of Effectiveness

Measure Number Choosing Measure

ARTEP 63 (75 %)

NCO's judgment 54 (64%)

AGI 48 (57%)

Company grade officer's judgment 44 (52%)

Brigade commander's judgment 28 (33%)

First-term reenlistment 27 (32%)

Service member's judgment 25 (29%)

Overall readiness rating 25 (29%)

Equipment on hand rated ready 21 (25%)

AWOL rate 15 (18%)

Personnel readiness 13 (15%)

Equipment status 12 (14%)

Article 15s 9 (11%)

Career reenlistment rate 7 (08%)

Division commander's judgment 7 (08%)

Assistant division commander's judgment 5 (06%)

Crimes against property 4 (05%)

Drug/marijuana convictions 3 (04%)

Crimes of violence 3 (04%)

Equipment on hand 3 (04%)

Courts-martial rate 2 (02%)

Desertion rate 1 (01%)
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Table 3

Reliability Coefficients of Effectiveness Measure Groups

A B

Uncorrected Ratings Corrected Ratings

Readiness
Measures .914 .656

Command
Indicators .950 .704

Personal
Judgments .894 .644

Table 4

Effectiveness Measure Intergroup Correlations

A B
Uncorrected Ratings Corrected Ratings

Readiness Command Personal Readiness Command Personal
Measures Indicators Judgments Measures Indicators Judgments

Readiness
Measures 1.000 1.000

Command
Indicators .6537 1.000 -. 6641 1.000

Personal
Judgments .6297 .6802 1.000 -. 3391 -. 4781 1.000
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Kimmel, Melvin J. & O'Mara, Francis E., US Army Research Institute for

the Behavioral and Social Sciences, Alexandria, Virginia. (Wed. A.M.)

The Measurement of Morale

-- An instrument measuring organizational morale was constructed

from unit member satisfaction response aggregated to the battalion
level. The data was gathered at three different points in time from

military personnel within 55 CONUS battalions. Significant positive
correlations between the satisfaction scores and an independent index

of affective orientation supported the widely held, but rarely tested
assumption that satisfaction measures are a true indicant of an indi-
vidual's affective orientation toward his/her unit. Analysis of the
instrument's psychometric properties showed it to be a reliable and

valid measure of morale as an organizational characteristic as distinct

from an individual level variable. Theoretical and applied impli-

cations of these findings for the study of organizational morale in
military and nonmilitary units are discussed.
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THE MEASUREMENT OF MORALE

Melvin J. Kiimmel and Francis E. O'Mara

US Army Research Institute for the Behavioral and Social Sciences

While there are obviously many factors contributing to mission accom-
plishment, one that has been consistently emphasized by military strategists
is the unit's morale. In a recent review of the morale literature, Motowidlo
et al (1976) concluded that "apparently, hardly any military Commander doubts
that morale is a potent force determining group effectiveness." (p. 52).
However, these authors also point out that despite its stated importance,
no coherent theories of organizational morale exist and there is virtually
no systematic empirical literature on the subject.

An impirtant first step to learning about morale would be to construct
a reliable aid valid measure of the concept. Motowidlo and Borman (1977)
were only partially successful in developing such an instrument. The authors
report some evidence for the scale's convergent validity. However, its
reliability was low and there were indications of halo error in ratings.
The major purpose of the present study was to develop an instrument free
from such deficiencies.

One obvious issue to consider before developing a valid morale measure
is its definition. Unfortunately there are almost as many definitions of
morale as there are people writing about it (Motowidlo et al, 1976). While
definitions differ, most writers (e.g. Guion, 1958; Martin, 1965; Stagner,
1958) seem to agree that morale represents an affective orientation toward
the work unit or organization and includes "job satisfaction" as one of its
major components. It would therefore appear appropriate to aggregate mem-
ber responses to a series of job satisfaction items to obtain an affective
measure of the unit's morale.

However, some orgriizational psychologists have questioned such an
approach. Blum and Naylor (1958) and Motowidlo et al (1976), for example,
argue that an adequate definition of morale should include such factors as
motivation and cohesion, and not be limited to job satisfaction alone.
Further, Guion (1973) and Lincoln and Zeitz (1980) contend that while it
is possible to aggregate scores on an individual level variable to form an
organizational attribute, it makes little sense to do so with an affective
characteristic such as satisfaction. They explain that satisfaction, like
all evaluative or affective constructs, is subject to an individual's unique
motives, values and job environment. Since these characteristics differ
from individual to individual, they believe it would be pointless to aggre-
gate satisfaction scores in an attempt to form a relatively stable and
generally agreed upon affective orientation toward the organization. This
assumption will be tested as part of our attempt to develop a reliable and
valid organizational measure of morale.
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The development of this morale measure proceeded in two phases. The
first involved the comparison of satisfaction scores against a derived index
of affect to assess the validity of using individual satisfaction measures
to represent a member's affective orientation toward the organization. The
second phase was directed at examining the psychometric properties of a unit
morale measure that is based on aggregated satisfaction scores.

Method

Subjects. Data was collected at three different points in time from
a sample of 55 combat arms, combat support, and combat service support bat-
talions located at six CONUS installations. At each wave of data collection
an independert sample of service members, NCOs, and officers within each
unit was randomly drawn, using the last digit of individual social security
numbers. The total sample for each wave consisted of 6,979 service members,
5,882 NCOs and 6,172 officers.

Procedure and measures. Satisfaction measures were administered on
three separate occasions at six-month intervals to the sample of unit per-
sonnel as part of a larger climate survey instrument. Surveys were adminis-
tered in large groups by teams of researchers using standardized instructions.
These satisfaction measures were drawn from the Survey of organizations
(Taylor and Bowers, 1972) and measured individual satisfaction with his or
her unit, supervisor, coworkers, and job. The four areas of unit, supervisor,
coworkers and jobs likewise defined the four major content domains of the
overall climate survey. Subjects responded to each of these items utilizing
a five-point scale ranging from 1 ("Strongly Disagree") to 5 ("Strongly
Agree").

A morale score for each battalion was generated by first averaging the
battalion members' responses to the four satisfaction items into a "General
Satisfaction" score for each individual. The General Satisfaction scores
for all battalion members were then averaged to derive the battalion morale
measure.

The independent index of affect, used to determine if satisfaction
represents a member's affective orientation toward the organization, was
constructed by first converting all item responses on the climate survey to
standard scores. All non-satisfaction items were next categorized as being
affectively positive, negative, or neutral by two independent judges. The
z-scores for all positively and all negatively rated items were then averaged
separately, while the neutral items were eliminated from further analysis.
The two resulting statistics were labeled z+ and z_, with the first of these
being an indicant of a subject's tendency to agree to affectively positive
items and the second reflecting agreement to affectively negative items.
Highly significant (p <.OOI) negative correlations were observcd between
z+ and z of -. 50, -. 49, and -. 47, for waves 1, 2, and 3 respectively, sug-
gesting that subjects were selectively attending to the affective content
of the items and were responding in a manner consistent with their general-
ized affect towards their situations. A single index of this affective
orientation Ci) was then produced using the equation: 7 = (z+) - (Z_)/2.

671



Results

The validity of catisfaction measures as indicants of affective orien-
tation was determined by its relationship with the independent measure of
affect, 7. Table 1 shows the correlations between-F and the satisfaction
measures taken individually and as a group for each of three waves of data
collection. It is clear that there is substantial correlation between the
satisfaction measures and the independent measure of affective orientation,
thus validating the hypothesis.

Given a high degree of intercorrelation among the four satisfaction
items, responses to these four items were averaged to produce a single
General Satisfaction score for each individual. This single measure of
General Satisfaction was then employed in examining the validity of affec-
tive orientation as an organizational attribute.

Two different approaches were employed in assessing this validity.
The first approach examined the discriminant validity of the General
Satisfaction measure at the battalion level. If General Satisfaction
varied only at the individual level, it would be randomly distributed
across battalions such that battalions would not differ on this variable.
However, if affective orientation was a true organizational attribute,
then different battalion settings would produce different levels of the
General Satisfaction variable. Accordingly, the 55 battalions were com-
pared on General Satisfaction using a least-squares one-way ANOVA on this
measure. As shown in Table 2, battalions differed significantly on this
measure at each rank level, and this finding was consistent across the
three waves. This suggests that affective orientation is a true organi-
zational attribute and can thus be analyzed at this level.

The second approach was to determine the stability of satisfaction at
the organizational level. Battalion morale would be expected to vary some-
what from one time period to another due to differences in environmental
conditions and the high level of personnel turnover within units. However,
if morale is, in fact, a true organizational variable, some consistency
should be observed across time, and one would expect positive correlations
in battalion morale across the six months separating the data collection
waves. To test this hypothesis, the battalion members' General Satisfaction
scores were aggregated at each wave to produce a mean battalion morale
score. Correlation coefficients were then computed between morale scores
on the adjacent waves for each rank group separately. Table 3,presents
the results of this analysis. As -an be seen, the correlation coefficients
between the Wave 1 and Wave 2 morale scores were significant at each rank
level, offering some additional support for the hypothesis that morale can
be conceptualized as an organizational variable. However, the hypothesis
was not totally confirmed as only service members showed a significant
relationship in the Wave 2/Wave 3 comparisons.
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Discussion

The significant correlations found between the satisfaction items and
our independent measure of affect support the commonly held, but largely
untested, assumption that job satisfaction directly reflects an individual's
affective orientation toward his/her work environment. .More importantly,
the findings derived through *he analyses of the morale measures take affect
out of the realm of individual psychology and suggest that an affective
variable such as morale can be legitimately operationalized at the organi-
zational level. This conclusion is tempered somewhat by the finding that
the morale measure was not as stable for NCOs and officers as it was for
service members. One possible interpretation is that a different set of
dynamics operate upon morale at the higher levels. Another possibility
relates to the fact that each aggregate score at the higher rank levels
was based on a smaller N than that derived for service members. This
being the case, the NCO and officer morale measures would not possess the
same degree of reliability as the service member data, and may underlie
the attenuated stability of results at the higher levels. Further research
tdneeded to clarify this issue.

The general conclusion that morale is an organizational variable does
not contradict organizational psychologists like Guion (1973) who note the
importance of distinguishing between attributes of people and attributes
of organizations. -However, in support of Lincoln and Zeitz (1980), the
results clearly demonstrate that it is possible to obtain a relatively
stable and generally agreed upon organizational measure by aggregating
individual-level variable scores. While supporting the general proposition
advanced by Lincoln and Zeitz, the results refute their assertion that
affectively-laden concepts such as job satisfaction should not be aggre-
gated. In making this assertion, Lincoln and Zeitz, like Cuion (1973),
appear to be inappropriately equating affective orientation and job satis-
faction. The fact that satisfaction is an individual-level variable in
no way implies that all forms of affect must be conceptualized at this
level. Some characteristics, like morale, can be viewed as shared attri-
butes of group members and, hence, qualify as organizational variables.
We suggest the proper level at which to conceptualize and operationalize
a construct should be empirically determined rather than decided upon on
an a priori basis.

A separate question relates to the adequacy of a morale measure that
is based solely on satisfaction. Although most writers agree that satisfac-
tion is an important component of morale, some, like Blum and Naylor (1968)
and Motowidlo and Borman (1977) argue that other dimensions should also be
included to capture its full meaning. We suggest that while morale may, in
fact, be a multidimensional variable, this does not necessarily imply that
a unidimensional measure such as the one described in the present paper is
inappropriate. Operational definitions of psychological constructs rarely
(if ever) tap all relevant dimensions. The field of psychology has usually
progressed by beginning with limited measures of a particular concept and
subsequently building upon these first approximations (Elms, 1975). The
same procedure is suggested in the case of organizational morale. Other
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hypothesized dimensions should be incorporated into future weasurement
instruments and their discriminent and concurrent validity tested. This
systematic approach should lead to the development of a truly :eliable and
valid instrument that does justice to the potential multidimensional nature
of the concept. Once adequate measures are developed, it will then be pos-
sible for researchers to effectively study the antecedents and consequences
of the morale construct, which is thought to play such an important role in
the life of a military organization.
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Table 1. Zero-order and Multiple Correlations between Affective Response
Bias (z) and Satisfaction Measures

Wave 1 Wave 2 Wave 3

r R r R

Satisfaction with Job .61 .62 .60

Satisfaction with Unit .63 .63 .63

Satisfaction with Supervisor .65 .63 .65

Satisfaction with Coworkers .44 .46 .44

?= .81 .79
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Table 2. Results of One-way ANOVAs Testing Discriminability of General

Satisfaction Measure by Rank and Time

Time

Rank Level 1 2 3

SFl F(df) F (Lf)I

Service Members 2.748 (53,3577) 3.649 (52,3789) 3.055 (53,4040)

NCOs 2.902 (52,1566) 2.689 (52,1517) 1.794 (53,1755)

Offices 1.908 (48,460) 1.874 (52,597) 3.076 (53,645)

NOTE: p <.001 for all F valves.
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Table 3. Morale Measure Intercorrelations across Adjacent Waves by
Rank Level

Interwave Coefficients

Rank Level r r
Wave I/Wave 2 Wave 2/Wave 3

Service Members .3881** .4109**

Noncon•zissioT~ d Officers .2463* .1941

Officers .4945** .1755

*t p<.O1

* p <.05
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Early identification of Academic
Difficulties in Foreign Lanquarre Training

MAJ Allen N. Knox
Deputy Chief, Test Division

Defense Language Institute
Foreign Languaqe CenLer

DLIFLC utilizes multiple sequential screening techniques
for first-term enlistees of all Services who apply for foreign
language training. Candidates must qualify on the AFQT, attain
specified scores on selected parts of the ASVAB and attain a
specified minimum score on the Defense Language Aptitude
Battery. Despite these measures, academic attrition ranges

rm from 12% to 30%, depending upon the language studied. A 56-item,
five-option, attitude/interest instrument wJs constructed andO administered to students before their courses started. Item
leads centered on study habits, career goals, intercultural
relationships and personal attributes. The five options varied
from "strongly agree" to "strongly disagree." A scoring program
permitted assignment of varying weights (4 to 0) to item options.

o For analysis, students were divided among three achievement groups
___ based on 6th-week grades. This paper discusses the use of cross-

tabulation tables (item option by achievement group) for item
analysis and various option weighting strategies used to improve
discrimination among achievement groups.
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The purpose of this research was to develop a questionnaire
which would complement the Defense Language Aptitude Battery in
predicting those students of foreign language likely to encounter
academic difficulty early in their course of instruction. The
purpose of this paper is to describe some problems encountered
in using cross-tabulation tables to weight item options to
maximize predictive validity of the questionnaire.

Introduction: Enlisted students at the Defense Language Institute,
Foreign Language Center (DLI) take at least three pencil-and-paper
aptitude tests before being selected for attendance; Armed Forces
Qualification Test, Armed Services Vocational Aptitude Battery
(ASVAB), and Defense Language Aptitude Battery (DLAB). These
tests and the nature of a volunteer military tend to cause the
enlisted student body to be relatively homogeneous with respect
to age and educational experience.

Despite selection procedures, academic attrition is approxi-
mately 14% and varies with the difficulty of the language being
learned. Another predictive instrument (hereafter referred to
as FLII) was deemed desirable to enable management to either
(1) reduce attrition by applying different teaching strategies
to those students whose DLAB and FLII scores indicated probable
difficulty, or (2) to release early in the course those students
whose DLAB, FLII and course scores indicated academic difficulty
and probable attrition.

Management requirements for the FLT] were that its develop-
ment consume minimum resources, that it have a short administrative
time (30 minutes or less) and that it be machine scoreable.
Salient psychometric considerations were predictive validity and
low correlation with DLAB.

Method: In order to meet the requirement of using minimum re-
sources, it was decided to use items from past research projects.
One source was the Foreign Language Interest Inventory developed
at DLI in 1969. Because this instrument was designed to be ad-
ministered to students during their course of instruction, many
items were inappropriate for the new instrument or needed revision.
A second source was a HumRRO study (Fiks and Brown, 1969) which
had developed some items that correlated with academic success
in learning foreign languages. The third source was a panel of
expert.- who had a combined experience level in foreign language
education and testing of 40 years. These three sources provided
56 items for the pilot form. Each five-option item described a
factor (career goal, experience, intercultural relationships,
personal attribute, etc.) thought to be related to learning a
foreign language. The options typically took the form, agree
strongly...not sure...dlisaqree stron.ia\l, and the order of presen-
tation was reversed on some items.
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Items from the early Foreign Language Interest Inventory and
the HumRRO instrument were originally assigned option weights of
1 (for one option) and 0 (for the remaining options). Traditional
item analysis provided insight into which should be assigned 1.

Assigning option weights in this manner seemed undesirable
for items purportedly measuring a continuum. A great deal of
information may be lost when one option is weighted as "correct"
and all others "incorrect". Likewise, for statistical analysis,
a great deal of variability may be lost using this weighting
scheme. Therefor, a scoring program was written for the FLII
which permitted assigning a weight of 0 to 4 to each item option.

The FLII was administered to 279 students before they started
their course of instruction. These students were randomly
divided into two groups; a derivation sample and a validation
sample. Due to administrative attrition and incomplete answer
sheets, N=130 and 124 for the derivation and validation samples,
respectively.

Course grade at the end of six weeks was used as the criterion.
Students were divided into three academic groups according to
course grade: >90=Hi, 80-90=Med and<S80=Lo. Table 1. summarizes
information on sample size and academic group.

TOTAL SAMPLE N=254

DERIVATION N=130

ACADEMIC GROUP III MED LOW

GRADES 91-100 80-90 0-79

N= 53 50 27

VALIDATION N=124

ACADEMIC GROUP fII MED LOW

GRADES 91-100 80-90 0-79

53 40 31

TABLE 1. SUMARY OF SAMPLE

681



Item analysis was accomplished using 3 x 5 contingency tables
(academic group by item option) generated for each item by Sub-
program Crosstabs from the Statistical PackacnŽ for the Social
Sciences (Nie, et al, 1975). Fig. 1. shows "ideal" column per-
centages for an imaginary item measuringc a continuous variable
using five options. In this ideal cxampie, half of the high (lii)
academic group chose option A. Other options were chosen by fewer
members of the high group. The students doing- relatively poorly
in the course (Lo) most often chose options representing the
opposite end of the continuum. The middle achievers (Med) most
often selected options representing the middle of the continuum.

ACADEMIC GROUP

LOW MED Iil

A 0 5 50

B 10 20 25

Soc 15 50 15

0 C2

oD 2b 2 0 ] 0

D 5 0

Fin;. 1. Cont ina;enc\ Ta: 1, tio '..n

"Ideal" C'esuIt s-Coelumn i>''• . : t', On1,
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Guttman (1941) showed that, for a quantitative criterion,
the criterion mean of the examinees who chose that option could
be used as the option weight. However, it was decided to use
Subprogram Crosstabs because it was readily available and the
output was in a form useful to other research.

Results: An a priori weight table, with options scored 0, 1,
2, 3, 4 or 4, 3, 2, 1, 0 depending upon how the options were
presented, was used so that a high FLII score would be indicative
of high academic grades. Using this straightforward weighting
scheme, the FLII score correlated (Pearson) .2966 with sixth-
week grades. In light of Cronbach's (1970) assertion that
"Correlations of interests with grades in related fields are
generally below 0.30...", the magnitude of this correlation
was encouraging.

Contingency tables for each item were analyzed. The analysis
indicated that "Lo students" and "Hi students" displayed rather
similar option selection patterns. Unlike the pattern in Fig. I.,
differences between Hi and Lo groups were a matter of degree rather
than direction. Fig. 2. shows the contingency table (column per-
centages only) for item 37. Whereas 84% of the Lo group and 78%
of the Hi group picked options A and B, 3 of 4 "Hi students" chose
B and only 1 of 2 "Lo students" picked B.

LOW MED HT ORIGINAL REVISED
F... WEIIT WEIGHT

A 33 28 F 6 4 0

B 51 56 73 3 4

C 11 16 20 2 3

D 4 0 0 10

£i 0 0 0 0 0

Fig;. 2. Item 37 Continconc', Table, Column Percentages

On],. Oriqinal and Revised iordito;-s Shown. at Right.
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A similar pattern of responses was found for many items, and
option weights were revised follcwin• these rules:

1) A high weight (usually 4) was assiuneŽd to that option chosen
most often by the Hi group.

2) Lower weights were assigned to options when more Hi than Lo
selected the option.

3) Zero was assigned to those options when more Lo than Hi selecte
it.

Note that no items were discarded at this time. Fig. 2. shows
original and revised weights for item 37 based on this weighting
strategy. FLII scores now correlated (Pearson) .09 with sixth-week
grades.

Using five weights was notably unsuccessful. To reduce complex
and because responses of Hi and Lo groups appeared similar to warraj
five weights, a simplified weighting strategy was used:

1) A weight of 2 was assigned to options where the percentage of H.
selecting an option exceeded the percentage of Lo by 20 or more.

2) A weight of 1 was assigned to options where the percentage
difference was 10-19.

3) Zero was assigned to all other options.

The correlation between FLII score (using the new weighting) an<
sixth-week grades was .13. It rose to .24 when the Med group was
excluded from calculation.

Since the Med group appeared to adversely affect correlation
and had been ignored in weighting strategies, it was decided to
include them in the weighting strategy. Fig. 1., depicting an
"ideal" response pattern, shows that a pattern exists, not only
within columns, but arross rows.

In order to capitalize on the row and column pattern a new
weight strategy was used:

1) Options A and F were assigned 4 r,- ) if they closely matched
the "ideal" row and column pattern. They were assigned 3 or 1 if
they matched either row or column :.pattorn.

2) Options B and D were assigned 3 or I if they closely matched
the ideal row and column patterns r,, 2 if they matched only one
pattern.

3) Option C weight was assigned depkidcr' upon the pattern and
weights of other options.
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With this weight strategy, 7 items were discarded because of
lack of any pattern. FLII score correlated .15 with sixth-week
grades.

Thus far, all weighting strategies were inferior to the
original, a priori weight table. It was decided to revert to
the original weights, but refine them by assigning zero weight
to those options chosen by 10% or less of the Hi group (See
Fig. 3.). Seven items were deleted because response patterns
showed no distinction between Hi and Lo groups.

SORIGINAL REITTSFDSLOW MED II WEIGHT WEIGHT

7A 74 77 83 4 4

18 18 13 3 3

C 7 4 3 2 0
._4

D 0 0 0

E 0 0 n 0 0

Fig. 3. Item 24 Contingency Table, Column Percentages

Oniv. orioinal and Revised Weights Shown at Right.

FLII scores now correlated .39 with sixth-week grades and
.15 with DLAB scores. The correlation with grades regressed
to .22 when the weight tLble was applied to the validation sample.

Conclusion: Gage (1957) found that partially a priori scores
for five-option items were at least as valid for prediction as
an elaborate wvighting method. This research is partially
supportive of those findings. While some improvement in pre-
dictive validity was possible using contingency tables for item
analysis and variable option weighting, the method was trial-and-
error and more time consuminq than expected. The Guttman method
is more rigorous and writina a computer program for its use
does not appear difficult. DIrA is presently writing such a
pLogiam, and the results will permit a comparison between
Guttman's method and the continqency table method used in this
research.
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1. INTRODUCTtDW~

1.1 Statement of the Problem

The Skill Qualification Test (SQ is a primaryJneans the Anq uses to olssess solidiers'
proficiency in performing criti I tasks of their military occupationali'special~ies
(MOSs). It con~tains perforiman -oriented and. criterion-referenced tests on cr~tical
tasks selected from the soldi 's manual for-b duty position. Test rMults fe~kdback
is provided to soldiers, supe visors,~trainihrg managers, and training/test deVelopers.
The SQT usually contains a w itten Skil'I.Component (SC), a Hands-On Comnponený- (HOC),
and a Job Site Component (J

Although the SOT program 4(as designed to mnaxuimize hands-on peviformance test~4ng,
problems of standardizatib~n, inter-rater scoring reliability, extensive tie and
resotkrce requirements, triaining of test acdiinistuators, and overall administrative
feasibility have atten ted its success. Much sk1'flJ qualification testing has becomef
prfuiarily written in utature, via the SC or a writte§n Alternate HOC. Tho written
tests allow for standardized administration and scoring, but often have low fidelit~'tý
to actual job perfoyr4ance requirements. The intended ob.Jecti ye of performance-base4d.
criterion-referenced'SQT testing could be more effective~y realized by a) increased,'
fidelity of the SQl (that is, more similarity) to job requf~rements and task per-
formance; b) reduckd reliance on written components; c) reduced time between test
administration airg test results; and d) increased feasibility of unit level SQT
administration.

1.2 Concept of Computer-Based Embedded Testing

The increasio'gly extensivu. use of the computer in-military systems offers an opbor-
tunity to alleviate present~ shortcomings common to-conventional SQTs for tactikial
data and weapons systems. The concept is computer-biked embedded SOT testing'li?i
which the computer of a tactical weapons system monitbrs, controls, and scorfqs a
test on actual job tasks admninistqred on that system itself (or a simulator).-. This
paper describes the development and-avalidation of a computer-based SQT Han4A-On 2
Component (HOC) for the TACFIRE Artillery Control C~onsole Operator (ACCO),.-MOS 13C.2

IT views expressed in this paper are those of the authors and do not necessarily
ip~ply endorsement of the Department of the ArnW or the Army Research Institute.

Z~ork described in this paper was performed by Honeywell Inc. for the U.S. Army
Research Institute for the Behavioral and So-cial Sciences, contract no.
?4DA903-70-C-0386.
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An alternative to present SQTs for tactical data systems is the concept of a
computer-based embedded SQT administered on the operational system or simulator to
accomplish standardized, objective, hands-on skill qualification assessment. Thispaper describes a computer-based SQT Hands-On Component developed for TACFIRE
Artillery Control Console Operators, MOS 13C, using the PLANIT courseware authoring
Ia.iguage. The SOT complies with TRADOC policy and procedures for SQT development
and validation (TRADOC Reg 351-2, Pane 351-2). An expert tryout for content validity
and a representative-soldier tryout for feasibility of administration were conducted.A method for diagnosing and correcting logic errors in the courseware (vs. operators'
errors) was applied. Benefits of computer-based SOT testing include: maximum
fidelity attained by utilizing the operaticnal system; control, monitoring, and
scoring performed by the tactical system computer; centralized or field unit test-
ing capability; immediate, detailed performance feedback provided; test results
compatible in format with TRADOC guidelines. ,.
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1 .0 INTRODUCTION

1.1 Statement of the Problem

The Skill Qualification Test (SQT) ic. a primary means the Army uses to assess soldiers'
proficiency in performing critical tasks of their military occupational specialties
(MOSs). It contains performance-oriented and criterion-referenced tests on critical
tasks selected from the soldier's manual for a duty position. Test results feedback
is provided to soldiers, supervisors, training managers, and training/test developersý.
The SQT usually contains a written Skill Component (SC), a Hands-On Component (HOC),
and a Job Site Component (JSC).

Although the SQT program was designed to maximize hands-on perormance testing,
problems o~f standardization, inter-rater scoring reliability, extensive time and
resourcp requirements, training of test administrators, and overall administrative
feasibility have attenuated its success. Much skill qualification testing has become
prtniarily written in nature, via the SC or a written) Alternate HOC. The written
tests allow for standardized administration and scoring, but o-ten have low fidelity

Ato actual job performance requirements. The intended objective of performaince-based,
criterion-referenced SQT testing could be more effectively realized by a) increased
fidelity of the SQl (that is, more similarity) to job requirements and task per-
formance; b) reduced reliance on written components; c) reduced time between test
administration and test results; and d) increased feasibility of unit level SQT
administroticn.

1 .2 Concept of Computer-Based Embedded Testin

Tne increasingly extensive use of the computer in miilitary systems offers an oppor-
t'irity to al laviate present shortcomings conmmon to conventional SQTs for tactical
data and weapons system~s. Tne concept is computer-based embedded SQT testing in
which the computer of a tactical weapons system monitors, controls, and scores a
test cn actual job tasks administered en that system itselt (or a simulator). This
paper describes the development and validation of a computer-based SQT Hands-On
Component (HOCC, for the TAFIRE Artillery Control Console Operator (ACCO), MOS 13C.'

2vie'ws expressed in this papet, are those of the authors and do not necessarily
irqily endorsement of the Department of the Army or the Amny Research Institute.

ioo euLribed in t~his paper was perfoniulJ by Honeywell Inc. for the 11.5. Am~ny
r~dCinstitute for the behavionil and Social Scie-nces, contract no.



The SQT HOC is comprised of courseware written in a computer-assisted instruction
system and authoring language called PLANIT. It is administered in an embedded
mode on the TACFIRE tactica, system either in the school or field setting. The SQT
"complies with TRADOC policy anid procedures for SQT development and validation
(TRADOC Reg 351-2, Pam 351-2) ano offers many advantages over conventional HOC test-
ing for the MOS 13C duty position.

1.3 Background

1.3.1 TACFIRE System. The TACFIRE system selected as the testbed for applying the
embedded SQT concept is a computerized TACtical FIRE direction system designed to
coordinate the command, control, and comruunications functions within and among all
levels of the field artillery system from corps to forward observers. TACFIRE may
be conceptualized as an interrelated set of subscribers, each of whom has access
to a common data base and a powerful set of applications software. The artillery
control console (ACC) shown in Figure 1 is the principal man-machine interface in the
TACFIRE system.

SWITCH PANEL ASSEMBLY RECEIVE DISPLAY (RD) SCREEN

MESSAGE FORMAT ALPH4AEETIC KEYBOARD
SELECTION GRID COMPOSE/EDIT DISPLAY NUMERIC KEYBOARD

(CAED) SCREEN

rigtire 1. TACFIRE Artillery Control Console

The ACCO is a grade [6 or [7 noncommissioned officer responsible for maintaining and
updating the TAICFIRE data base. His functions include: entering data required for
artillery target intelligence, fire planning,, tactical and technical fire control,
and conmmander's criteria: controllingi corr~unicat-ions among the network of TACFVr
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subscribers; and initiating , processing, and/or terminating artillery fire
missions. Task activities for which the ACCO has responsibility include:

o Receiving and interpreting information. The ACCO receives information from
the subscriber network on the receive display (RD) screen. This informa-
tion is encoded in TACFIRE specific formats, and requires that the ACCO be
skilled in interpreting the information and acting quickly.

o Composing and sending messages. The ACCO enters data into the system via
special message formats on the compose/edit display (C/ED) screen, then
makes proper switch-actions to initiate processing of the data and trans-
mission to designated on-line subscribers.

1.3.2 PLANIT System. The embedded SQT for the TACFIRE system was written inm P~rogrammin __guage for Interactive Teaching (PLANIT), a powerful computer-assisted
instruction system and courseware authoring language useful for preparing and
administering training and evaluation scenarios via computer terminal. Courseware
is constructed either interactively or off-line, and the author may execute and/or
edit a lesson at any time. PLANIT automatically maintains an audit trail of each
student's progress through a course, thus relieving the instructor or scorer of
tedious record-keeping responsibilities.

The PLANIT operating system is made machine transportable and has been installed on
computer systems supporting FORTRAN, PASCAL, and TACPOL (language used for TACFIRE).
For the TACFIRE AN/GYK-12 application, enhancements to the operating system software
were implemented to extend PLANIT's capabilities to a specific hardware system.
PLANIT's enhanced language for TACFIRE permits the lesson author courseware control
of switch indicator lights, and interprets the operation of ACC function keys.
Outputs may be directed to either of two screens, to the electronic line printer
(ELP), or to the switch panel assembly (SPA). Inputs are processed from the C/ED
screen, the alphanumeric keyboard, or the SPA. Under control of PLANIT's enhanced
language for TACFIRE, the TACFIRE ACC can operate exactly as it would under control
of the operational system software in tactical mode.

2.0 DEVELOPMENT OF COMPUTER-BASED SQT

2.1 Requirements

The development of the HOC offered a unique challenge for complying with regula-
tions that do not explicitly address issues for computer-based SQT testing. Although
some steps identified in TRADOC Pam 351-2 were not relevant (for example, training
hands-on test scorers and assessing inter-rater reliability), and other additional
developmental steps were included, the TRADOC regulation and pamphlet served as
adequate guidance for the development process.

2.? Development Process

The major activities conducted during development of the SQT were:

1. Select tasks for testing.

2. Assign tasks to SQT components.

3. Develop SQT plan.
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4. Develop test materials.
a. Collect task performance data.
b. Organize hands-on tests.
c. Program courseware for hands-on tests on commercial computer.
d. Try out courseware materials on TACFIRE computer.
e. Revise hands-on tests.

5. Develop support documentation--"Manual for the Administration of the
Hands-On Component" (MAHOC), SQT Notice hands-on test worksheets,
"Data Supplement," and "Operator's Guide for Preparing SQT Materials."

6. Conduct expert tryout.

7. Submit initial draft.

8. Conduct soldier tryout.

Pertinent characteristics of the finalized TACFIRE emedded SQT HOC are summarized
"in Table 1. Koch, Pine, and Steinheiser (1980) and Koch, Englert, and Vestewig
(1981) provide details of the development process for the SQT.

"TABLE 1. CHARACTERISTICS AND CAPABILIITES OF THE
TACFIRE EMBEDDED SQT HANDS-ON COMPONENT

_Obbjective
Ao ssess qualification of artillery control console operator (ACCO),

5MOS 13C, skill levels 3 and 4.

Conditions of Testing
o Delivered on operational tactical TACFIRE equipment using TACFIRE

AN/GYK-12 computer or on TACFIRE Training System (TTS).
o Capability of simultaneous testing of soldiers.
o High fidelity to soldier's manual (FM 6-13C3, FM 6-13C4) tasks.
o Standardized administration at either centralized (Field Artillery

School) or field unit installations.

"LTest Organlzation
mo4 OC composed of hands-on tests.

o Automatic presentation of all necessary test instructions and hands-on
test conditions, standards, and performance measures.

J mmTest Scoring"o 'Scoring perforred automatically by TACFIRE computer.

"o Each hands-on test scored "GO" or "NO-GO" based on number of per-
formance measures passed and satisfaction of time limit standard.

"o Qualification on SQl based on criterion percentage of hands-on tests
scored "GO."

Test Results Feedback
o Immedia'tetest results and performance feedback.
o Performance feedback specific to items at the performance measure level.
o Individudl Soldier's HOC Report providing tabulation of results.
o HOC Record Sheet providing official record of test results.

3.0 VALIDPTION OF SQT HANDS-ON COMPONENT

3.1 Validation Plan

The validation phase of the SQT development involved the production of a validation
plan and two formal tryouts of the HOC in accordance with the TRADOC guidelines
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(TRADOC Pare 351-2). The objective of the validation was to examine the HOC for
content validity, accuracy, perceived fairness, and administration feasibility.
The strategy for validation of the HOC is reflected in the flow-chart in Figure 2.

Two unique issues were important in assuring an acceptable validation of the
computer-based, embedded SQT. The first concerned a necessary distinction between
logic errors in the hands-on test courseware and unfair or inaccurate test content
per se. Thus, two types of validation were required--one for courseware materials
and one for hands-on test technical content. The second issue concerned the
requirements for administration (using the resources of a typical unit) and
maintainability associated with a computer-based SQT.

unit TRY 01 LIDIER TRYOUT

S ELECT FXP! T SELEZ7 SLDIER I
TRYOUTUTEY

VAIATO MmTETnE TEST CHOuse FIELD-RAISI SOT

IVALIOAflON i TIE it TINTONn I MATERIALS TO SOLDIER TRYOUT 0 T CCURSSUARE
PLAN mvonT TROU - SIEUR, TRYOUT AML

AOUIUBTRATORS ANALYZE DATA I Ai RATOM AMALYZL GATA MATERIALS

FiCurIeL2 DarN I S H d oMLT Po Te

3. ExetTyu
o ~ ~ ~ ~~AFR Provide TACF1RE subject mteexetanopruiyossttIca

RLEVISIONI
MtANDS-610 - • l TESFSma o TS

Figure 2. Flow Diagram of SQT HOC Validation Process

3.2 Expert Tryout

3.2.1 Objectives. The objectives of expert tryout of the TACFIRE SOT HOC were to:

o Provide TACFIRE subject matter experts an opportunity to systematically

review each hands-on test for accuracy of the task procedures as defined
by the soldier's manual.

o Examine the draft MAHOC for content, readability, and clarity.

o Identity and implement any necessary revisions to the hands-on tests,
instructions, and draft MAHOC.

o DetenTnine test administration requirements, including time to set up and
admirrister the hands-on tests.

3.2.2 Procedure. The participants in expert tryout were 14 instructors in the
TACFIRE Advanced Training Program at the U.S. Army Field Artillery School, Fort
Sill, Uklahloma. Both noncommissioned and commissioned officers were included
in tre sample. Five experts completed the SQT3 HOC (the HOC for skill level 3),
and six experts completed the SQt4 HOC (the HOC for skill level 4). Each of the
experts served both as test administrator and examinee. A two-hour workshop was
conducted to familiarize the participants with procedures for preparing the
computer-based HOC to be administered.
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During expert tryout, the participants executed the support procedures routine to
prepare the HOC to be administered and then performed each of the hands-on tests
in the same manner as an examinee would. Data of various types were collected to
meet the stated objectives. Table 2 summarizes the type, purpose, and collection
time of these data.

TABLE 2. EXPERT TRYOUT DATA COLLECTION

Type Purpose When Collected

Expert Reviaw Form Examine task domain End of each hands-on test
Ssampling, hands-on test

accuracy, test instructions,
and test fairness

Draft MAHOC Review Examine Draft WMA End of workshop to train
aorm test administrators

Support Procedases Exaire test administrator's End of test session
Review Form support procedures

General Computer Examine general HOC End of Lest session
Instructions Review instructions to tte exainee
Form

Error Data Examine hands-on tests Recrded automatically
by coiputer during test
session

3.2.3 Results. Responses to review forms on the draft PMAJOC, support procedures,
and general instructions identified areas for revision. The section in the JIAHOC
dealing with computer malfunction recovery was considered inadequate, and certain
portions of the general instructions were rated as unclear. Prerequisite data pro-
vided on the ELP for some hands-on tests were difficult to read due to poor printer
type element quality and caused some undeserved errors. Responses on the expert
review forms dealing with technical content of each hands-on test identified problems
in these areas: task requirements unclear; only one try allowed for selecting
message format switches; optional data entries/blanks not allowed; alternate legal
forms of data entry not allowed; answer match lines containing typographical errors.

Analysis of experts' errors on the hands-on tests yielded three identifiable
causes of performance measure failures:

o Operator error--incorrect switch-action or failure to complete hands-on
test within appropriate time limit.

o Courseware logic error--mistakes in the PLANIT courseware that may cause
unwarranted performance measure failures.

o Inappropriate time standard--insufficient time allowed for completing
hands-on tests.

Distinguishing operator errors from logic errors required an examination of the
printer output for inconsistencies between the expert's response and his detailed
test performance feedback.

The remainder of the error analysis focused on the operator errors. Four classifi-
cations of operator errors and the average frequency with which they were committed
are- a) incorrect data entry--52%; b) incorrect message format selection--23%;
c) incorrect switch action--13%; d) excessive time to complete the task--12%.
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3.2.4 Revisions. Revisions to the hands-on test materialsbased on expert tryout
data included: expanding the computer malfunction recovery section of the MAHOC;
developing a "Data Supplement" containing hardcopy of prerequisite data for all
hands-on tests; rewriting portions of general instructions in simpler language;
clarifying task requirements; implementing two tries to select correct message
format switches; allowing optional data entries/blanks; allowing alternate legal
forms of data entries; correcting typographical errors in answer match lines;
correcting courseware logic errors; revising inappropriate time limit standards.
After modifications to the SQT HOC had been implemented, the hands-on tests were
again administered to a subset of the expert tryout participants to verify accuracy
of the revisions.

3.3 Soldier Tryout

3.3.1 Objectives. The objectives of soldier tryout of the TACFIRE SQT HOC were to:

o Determine the HOC's administrative feasibility in a realistic test
setting with representative soldiers in the MOS.

o Continue to examine the hands-on tests for accuracy, appropriateness,
and fairness.

o Perform statistical analyses of hands-on test performance data.

o Continue to examine the draft MAHOC for clarity and completeness.

o Implement revisions to the hands-on tests, instructions, and draft
MANOC where necessary.

3.3.2 Procedure. The soldier tryout participants were 22 soldiers in MOS 13C
stationed at Fort Sill, Oklahoma. len staff sergeants completed SQT3 HOC and ten
sergeants first class completed SQT4 HOC. Personnel from the Directorate of
Training Development, U.S. Army Field Artillery School served as test administrators.

The type, purpose, and collection time of soldier tryout data are shown in Table 3.
The data derived from these sources were analyzed according to the process depicted
in Figure 3.

TABLE 3. SOLDIER TPYOUT DATA COLLECTION

Type Ptirose When ColJert•o

Soldier Review Forn Ewsairt hards-un tests for Etno of test session
fairness, weuray, arc
clarity of instructions

General Computer Examine general HC Eno of test session
Instructions instructions to the
Review Form examinee

Error Data Examine hands-on tests; Recorded automatically by
perform statistical computer Curing test
evaluation of HOC session

Timing Data Determine test Recoroeo automatically by
administration requirements; computer ouring test
examine performance session
standards for task
completion time
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Figure 3. Flow Diagram of Error Analysis and Test
Revision Process Following Soldier Tryout

3.3.3 Results. Responses on the general instructions review forms identified two
portions of the instructions that some soldiers found unclear--action to take after
a discovered error, and amount of help expected from the test site manager.
Responses on the soldier review forms evidenced that a large percentage of the
soldiers viewed the SQT HOC as a fair and acceptable measure of their ability to
perform job duties.

Errors committed on the hands-on tests were again categorized by source--operator
error, courseware logic error, and inappropriate time standard. The type and
average frequency of errors attributable to the operator are: a) incorrect data
entry--51%; b) incorrect message format selection--l8%; c) incorrect switch action--
21%; d) excessive time to complete the task--lO%.

Analysis of the timing data for the representative soldiers provided an empirical
basis for examining the adequacy of the hands-on test time limit standards. An
average of 83% of soldiers taking SQT3 HOC finished the hands-on tests within given
time limit standards; 92% ol those taking SQT4 HOC finished within the standards.
Three specific criteria were used to judge the adequacy of each hands-on test time
standard: a) equals approximately double the average time required by representa-
tive soldiers; b) exceeds the upper limit of the range of task completion times;
c) equals a value defined by training developers to be mission-related.

3.3.4 Revisions. Revisions to the hands-on test materials based on soldier tryout
data included: rewriting portions of general instructions; including SQT HOC
administration time guidelines based on soldier tryout in the MAHOC; correcting
coMrseware logic errors; adjusting hands-on Zest time standards.

4.0 ADMINISTRATION AND MAINTENANCE ISSUES

4.1 Issues in Administering the SQT HOC

TRADOC regulations for SQT development stress the importance of one feature that
should characterize an SQT--relative ease of administration (TRADOC Reg 351-2).
To meet this criterion, the SQT should be easy to administer by NCOs at the E6
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level or higher, be accompanied by comprehensive and simple guidelines for test
administrators, and require only the personnel and equipment resources available
at a typical unit. These became the objectives for administering the TACFIRE
embedded SQT. Issues important for SQT administrative feasibility include qualifi-
cations of test administrators, system configuration and status, test security,
and disposition of test results.

With the MAHOC as a reference, administering the computer-based SQT is designed to
be a turn-key operation for the test administrator. He will be able to perform
test set-up procedures explained in the MAHOC, administer the SQT to soldiers, and
collect the examinee test results with no prerequisite computer programming ex-
perience or outside assistance.

The SQT HOC at either skill level 3 or 4 can be administered on any existing TACFIRE
system configuration, that is, battalion or division artillery, at centralized
locations or field unit locations. The SQT materials written in PLANIT courseware
are transportable via standard TACFIRE input-output medium--magnetic tape cartridge.
The load procedures are comparable to those performed by an ACCO for TACFIRE
tactical system software. In the event of external threat or other emergency, the
TACFIRE system can be restored to operational status inmediately by luading tactical
system software.

Test security for the computer-based SQT depends on safeguards against compromise
by those who are not authorized to administer the SQT and safeguards against un-
authorized modifications to the courseware The PLANII software provides for both
safeguards since log-in identifications used by operators and examinees restrict
their access to only those functions in the courseware intended for their use.

For the computer-based SQT, the scoring procedure will differ from the conventional
approach. The TACFIRE computer will perform the scoring for each examinee, tabulate
test results, and print a complete HOC Record Sheet. This record sheet can be
transcribed directly to the SQT marksense form used by the training standards
officer to compile test results.

4.2 Maintainability Issues and Procedures

There are four general levels of maintenance for the computer-based, emb.edded SQT
considered important for an overall goal of ease of maintenance. The levels of
maintenance are listed in Table 4 ordered from specific to general, together with
the primary objective associated with each.

The aspects of TACFIRE equipment maintenance relevant to actual system operation
also affect SQT operation. In the event of equipment malfunctions, the testing is
halted but no performance data are lost from core memory. When the system is
restored, PLANIT automatically resumes HOC testing at the point where each examt':nee
was stopped.

AVnual revisions to an SQT ý.andated by TRADOC are acco..modated by a large base of
validated hands-on tests. The SQT develooers need only select a different subset
of hands-on. tests each year to opti.n.ay repre-ent etant job duties. This selection
requires no modifications to the courseware.
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TABLE 4. MAINTENANCE OBJECTIVES

Level of Maintenance Primary Objective

1. Maintenance for TACFIRE Ensure test reliability by
equipment on which the minimizing equipment failure
SQT HOC is administered. and down time.

2. Annual revisions to SQT contents Provide flexibility to use
in accordance with TRIDC developed and validated hands-on
regulations. tests for more than one test perioc.

3. Modifications ano additions to Provide capability to implement
the courseware comprising modifications and additions to the
hands-on tests. courseware interactively, easily,

and rapidly.

4. Enhancements and troubleshooting Provide quality assurance for
support for the software system. system software.

New interface requirements and operating system software releases will drive the
training and testing requirements for TACFIRE and any evolving, complex system.
Supplementing the TACFIRE SQT with new or revised test materials is an important
capability to accommodate extensions in the scope of the SQT. A technician with
computer programming experience has the qualifications to edit existing courseware
and develop new courseware for the TACFIRE embedded SQT. The more common types of
courseware modifications that will be required are quite simple and can be accom-
plished interactively from the ACC terminal at any time.

At the most general level of maintenance for the computer-based SQT is support of
any enhancements for the PLANIT operating system software. The evidence for
maintainability and supportability of the PLANIT software is derived from many
trouble-free installations of PLANIT nationwide, spanning a wide variety of
"applications.

5.0 CONCLUSIONS

Conclusions warranted by the results of the computer-based SQT development and
validation may be relevant both as an overview of the present work and as research
and development issues for other SQTs designed to be delivered on operational tac-
tical data systems. First, the TACFIRE embedded SQT appears to be enthusiastically
accepted by the user community. The extensive involvement of subject matter
experts and TP.DOC personnel during the development, validation, and review
process, together with the ueveloper's responsiveness to TRADOC regulations and
user input, are thought to be important contributors to this acceptance.

The TACFIRE application of computer-based, embedded HOC testing is feasible and
effective in fulfilling the intent of the Army SQT program. Performance of hands-on
tests on the TACFIRE equipment closely resembles the performance of actual job
duties. The TACFIRE computer accomplishes objective and accurate scoring of
hands-on tests. The SQT is also feasible from the standpoint of administration
and maintenance, requirinq no programming experience to administer and no other
resources or equipment than those available at the typical field unit. The PLANIT
courseware materials are structured in a modular format and are easy to modify and
supplement.
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Compliance with TRADOC regulations for SQT policy and procedures by the computer-based
SQT does not differ significantly from conventional SQTs. The validation plan,
expert tryout, soldier tryout, data analysis, and test content revisions were con-
ducted in accordance with regulations. The MAHOC closely follows the TRADOC re-
commended format. Test results are computer-generated in a form compatible with
TRADOC SQT scoring procedures.

PLANIT has been a successful vehicle for development of the TACFIRE embedded SQT.
PLANIT capabilities and advantages include: extensive record keeping of student
performance; analysis of incorrect answers to provide detailed feedback; trans-
portability of courseware; ease of courseware modification. The success of PLANIT
in the implementation of the TACFIRE embedded SQT recommends it as a candidate for
other developments on computer-based tactical data systems.

REFERENCES

Guidelines for Development of Skill Qualification Tests. TRADOC Pamphlet No.
351-2 (Draft), Department of the Army, Headquarters, U.S. Army Training
and Doctrine Command, Fort Monroe, VA, 1980.

Koch, C.G., Englert, J.A., & Vestewig, R.E. Development and Validation of a
Computer-Based Skill Qualification Test--Final Report. Report No. 81SRC48,
Honeywell Systems and Research Center, Minneapolis, MIN, September 1981.

Koch, C.G., Pine, S.M., A Kingsbury, G.G. Development of a Comp~ter-Based
Skill qalification Test--Final Report. Report 80SRC52, Honeywell Systems
and Research Center, Minneapolis, MN, July 1980.

Koch, C.G., Pine, SM., & Steinheiser, F.W. "Development of a Computer-Based
Skill Qualification Test." Proceedings of the Military Testing Association
22nd Annual Conference, Toronto, Ontario, 27-31 October 1980.

SkiTl- Qualification Test (S)T) Policy and Procedures. TRIDOC Regulation No.
S5-1-2. Departmnt of te Army, Headquarters, U.S. Army Training and Doctrine
Coumnad, Fort Monroe, WA, 21 April 1980.

Soldier's Manual, TACFIRE Operations Specialist, MOS 13C, Skill Level 3.
Field Manual No. FM 6-13C3, Headquarters, Department of the Army, December
1980.

Soldier's Manual, TACFIRE Operations Specialist, MOS 13C, Skill Level 4.
Field Manual-No. FM 6-13C4, Headquarters, Department of the Army, December
1980.

700



-77

"Lessard, Pierre, CPT, Canadian Forces Personnel Applied Research Unit,
Willowdale, Ontario. (Thurs. A.M.)

A Simulated Aircraft Landing Test as a Pilot Selection Test

c u . Pilot selection in the Canadian Armed Forces has been a continuing
N' concern especially since attrition Tates for trainees has been as high

as fifty percent on a few courses. ;fn the reported study, the utility
of a custom-developed, microprocessor-driven aircraft landing test4 (ALT), was examined in terms of its added value to the current pilot
selection battery. A CRO(ENCO II microcomputer was programmed to
simulate the landing of a light aircraft where visual stimulation was
presented on a CRT and the candidates used a 'Joystick and throttle to
perform three landing tests. Several dependant measures were auto-
matically recorded every 500 m sec. This ALT was a further development
of earlier research conducted on another system. (Fowler, 1981).

One hundred and fifty male candidates applying for military flying
training were tested on the ALT as well as on the current test battery
"which consists of a psychomotor test in an aviation tester, pencil-
and-paper tests which tape verbal and quantitative aptitudes and a
memory test. The candidates also completed a measure of cognitive
style, the Group Embedded Figures Test, and selected scales from
"Jackson's Personality Research Form.

It was found that performance on the ALT was independent of perfor-
mance on the current test battery as well as performance on the Croup
Embedded Figures Test and the selected scales from Jackson's Person-
ality Research Form. -,

Future research into the use of the ALT as a selection device
will take place once trainees have completed the primary flying
training course.
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AN INVESTIGATION iNTO THE USE OF AN AIRCRAFT

LANDING TEST (ALT) IN

AIRCREW SELECTION

Captain P.B. Lessard

Canadian Forces Personnel Applied Research Unit
Suite 600, 4900 Yonge Street
Willowdale, Ontario M2N 6B7

INTRODUCTION

Background

The Canadian Armed Forces (CAP) has a continuing need to improve their
Aircrew Selection Battery (ASB) to ensure its predictive efficiency. The
importance of psychomotor skills, (i.e., the ability to co-ordinate,
manipulate and/or repeat precise body or limb movements) and to respond to
visual stimuli, has long been recognized as critical for success as a pilot.
The United States Air Force (USAF) in a study of perceptual motor and
cognitive performance (Imhoff 6 Levine, 1981), found the predictive validity
of the various perceptual-motor and psychomotor tests used in pilot selection
to be the most significant.

A study of student pilot attrition (King & Eddowes, 1976) in the USAF
Undergraduate Pilot Training (UPT) program found that failed students
typically listed pre-solo landing, loss of confidence and final
turn-approach-flare as areas which lead to their subsequent elimination from
pilot training. During personal interviews with Royal Military College cadets
who had no previous flying experience, Capt. G.A. VanDyke (Memorandum, March
1981) of the CAF reported that 10 of the 24 failed cadets noted that landirgs
were by far the most difficult part of the course. These results indicate
that perhaps an aircraft landing test might help identify potential failures
at the selection stage.

Also, the CAF is in the rather unusual position of testing and selecting
persons for pilot training from different cultural and language groups within
the country. The use of performance tasks rather than pencil-and-pater tests
could help eliminate cultural biases which are often found in translated tests.

Hypothesis

The hypothesis is that there is a significant positive correlation between

perfor•ance on the ALT and performance on the ASB, particularly with the
Visual General Aviation Tester (VGAT).

METHOD

Subjects

The ALT was administered to a sample of 107 male Anglophones between the
ages of 17 and 26, all applying for flying training in the Canadian Armed



Forces. None of the applicants had previous flying experience. The education
level of the applicants varied from at least a Junior Matriculation (high
school graduates) to Direct Entry Officers (DEOs), those with a college or
university 'ducation. All applicants had been prescreened using the Canadian
Forces General Classification (CFGC) test and had undergone an initial
interview to assess officer potential. All subjects, whether or not selected
for pilot training, were used in the analyses of the ALT.

Apparatus

The ALT, driven by a Cromemco microcomputer was used in conjunction
with a cathode ray tube (CRT) display to simulate the approach and landing of
a light aircraft. The throttle was positioned in front of the control column
to accoummodate both left- and right-handed persons. An adjustable chair was
used to ensure all subjects were looking directly at the CRI. Approach, stall
and structural damage speeds were noted on the left-hand side of the console
as reminders to the subject.

The simulation was that of a cross (the aircraft), which was to be
flown through an approach to a safe landing using as instruments, an horizon
bar, airspeed indicator and altimeter which were coniorlled by throttle and
control column movements. The approach comenced at 900 feet altitude, 2700
feet from the threshold of the runway. The approach was terminated when a
safe landing, a stall (air speed less than 50 mph), a crash (airspeed in
excess of 75 mph or less than 65 mph on landing) or structural damage occurred
(speeds in excess of 150 mph). All parameters were recorded on hard copy
using a Texas Instruments printer. Figure I is a block diagram depicting the
CRT and accessories which are included in the design of the ALT.

Procedure

Subjects, who are processed through the Aircrew Selection Centre
(ASC), are selected for pilot training based on the results from a battery of
pencil-and-paper tests an! a psychomotor test, the VGAT. The ALT was
administered to the subjects as Fart of the ASB without advising them it was
an experimental test to ensure they made every effort to do as well as
possible. The results obtained on che ASB, or the ALT, were not released to
the subjects.

The administration of the ALT, which took approximately 30 minutes
consisted of a briefing given to all applicants and a testing period. The
briefing consisted of an outline of all instruments and controls, plus a
demonstration of all controls, their function, airspeeds to monitor symbology
and warnings that could appear on the screen. It should be noted that the ALT
had no rudder control, and all turns were made by banking. The instructor
also demonstrated a successful landing. Subjects were tested individually.

At the conclusion of the demnnstration the subject had the opportunity
tocpract Iis cc, ocdiaiating Lile contrc*.s end tlying to) a targeting circle. Once
this familiarization exercise was complete the candidate attempted three
landings which were scored, keyed and stored on disc.



RESULTS

The ALT scores were recorded as successful versus feiled (stalled or

crashed) a dichotomous variable. In addition total time for the approach,
time outside the approach cone, time outside the approach speed, and distance

from the runway threshold when a successful landing, crash or stall occurred
were also scored.

There was no correlation between the number of successful landings

(mean = 1.44, standard deviation = 1.09) and scores from the Aircrew Selection
Centre battery pencil-and-paper tests. However, a significant relationship
was found between the Visual General Aviation Test (VGAT) and the ALT average
landing accounting for approximately four percent of the variance.

Table 2, a t-test using extreme groups (those with zero successful
landings and those with all three landings successful) showed that there is a
"significant difference between the two groups on one test, serial addition.
The remaining seven tests showed no significant difference between the two

extreme groups.

DISCUSSION

This preliminary study failed to show a significant positive
correlation between scores on the ALT and scores on the ASC battery,
specifically VOAT. Since both the ALT and VGAT are psychomotor tests it was
felt there should be some relationship between the two. This study failed to
support the hypothesis. One of the major problems encountered in using the
ALT as a testing device is its lack of fidelity or the precision with which a
landing could be reproduced or. the CRT. Furthermore, visual feedback to the
subject (i.e., airspeed, altitude, attitude) and kinesthetic feedback (control
column and throttle movement) are far from the quality necessary to duplicate
landing a light aircraft. In general, the graphics package and mechanical
controls require considerable work prior to conducting another study.
Specifically, the legibility of instructions and feedback statements de~ract
from the tests reliability as a selection device. Before dismissing the ALT
out-of-hand however, flying training data from the Canadian Forces Flight
Training School will be obtained and the ALT scores correlated with them.
Therefore, a further investigation will be carried out in early 1982, when
sufficient numbers of candidates have completed basic flying training to
further examine the relationship between flying training and the ALT.
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.ABLE I

PEARSON CORRELATTONS BETWEEN ALT AVERAGE LANDING
AND ASC TEST SCORES FOR THE MALE ANGLOPHONES

ASC TESTS PEARSON CORRELATIONS

Numerical Ability (AB) .02 (nr102)

Verbal Aptitude (TV) .10 (n102)

Arithmetic Reasoning (AN) .09 (na102)

Reading Comprehension (TR) .05 (nfl02)

Math Reasoning (AR) .08 (n-102)

Instrument Interpretation (WC) .16 (n-102)

Reading Tables (WT) .14 (nC102)

Serial Addition (AS) .16 (nC102)

VGAT Grand Total Score .20* (nC101)

General Classification (CC) .05 (n- 59)

* p 4 .05
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TABLE 2

T-TEST ON SERIAL ADDITION SCORES
FOR MALE ALGLOPHONE GROUPS BASED ON ALT PERFORMANCE

j POOLED VARIANCE ESTIMATE
NUMBER

VARIABLE OF MEAN STANDARD T DEG OF TWO-TAIL
CASES DEVIATION VALUE FREEDOM PROBABILITY

SERIAL ADDITION

GROUP 1 28 33.79 9.56 -2.31 46 Pk.05

GROUP 2 20 39.95 8.44

Group I - extreme group which did not successfully land the ALT at all

Group 2 - extreme group which successfully landed the ALT on all three attempts
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FLYING SELECTION IN THE ROYAL AIR FORCE*
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SUMMARY

The paper describes the results of a study designed to evaluate the utility of
"a flight selection test for Royal Air Force pilot candidates. 53 pilot
applicants acted as subjects in a controlled trial, based on a 14 hour light
aircraft course. Tests were marked in the air at 9 and 14 hours by independent
exa.niners. When all of the students had completed the RAF Basic Flying
Training course one year later, their tests results were compared with
training outcomes. The results indicated a very high relationship between
flying test marks and probability of success in later training. The marks
awarded by the examiners were more predictive than the assessments of the
flying instructors. Based on the results of the trial, the RAF established a
"Flying Selection Squadron and the paper presents some data from follow-up
studies which were carried out as a validation of the selection procedure.

INTRODUCTION

Early in 1942, the Royal Air Force (RAF) introduced a change in its method of
selecting pilot cadets for pilot training. The modified plan involved
systematic assessment of flying performance after a limited amount ot
standardised dual flying instruction.

The introduction of this more analytical and objective approach was a radical
departure from the previous selection methods which were based largely on a
general subjective impression of a candidate's suitability.

This method of selecting potential pilots from aircrew candidates on the
results of a standard 'flight test' procedure came to be known in the RAF as
Grading.

The introduction of Grading as a method of pilot selection in the RAF was, in
part, due to the transfer early in 1942 of the bulk of pilot training
overseas. The war situatioi a that time made it imperative that only cadets
who gave vary high promise of successful training should occupy shipping
space, (Air Ministry Report 1945).

Note:
Aýh vt"ei cxpkc5.5cd afL tho6e o6 the authors and do not necets5Ut'ty 4epreAent
those o, the AO-cn-C KAF Suppotý Command o.-t the Chite6 Scientist (RAF).
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As a result of the introduction of Grading, attrition rates at all stages of
training were reduced significantly, particularly at the Elementary Flying
Training School (EFTS). The pilot aptitude ratings from the Grading tests
showed a high relationship not only with probability of failure but also with
the more discriminating criterion of proficiency assessments.

The post-War decline in the requirenent for aircrew led to a shift in the
seltztior. requirements of the RAF. The relatively expensive procedure of
flight Grading, which had been justified by the Wartime requirement, was no
longer deemed suitable to the needs of a contracting Service. For many years,
aircrew for the RAF were selected using a traditional pilot aptitude test
battery.

Grading was re-introduced briefly in the early '50s, with civilian pilots
acting as instructors and testing officers under contract to the Government.
However, poor standardisation and commitment on the part of the staff of
Grading schools resulted in unreliable testing practices and the scheme was
abandoned in favour of the less expensive and more reliable aptitude battery,
(Ministry of Defence Publication, 1969).

THE PRIMARY FLYING GRADING TRIAL

In 1973, the RAF introduced an all-jet flying training system; as a result,
the Primary Flying School (PFS), which had previously provided initial flying
training using a Chipmunk aircraft, was closed. This change in the training
sytsem came at a time of great concern over the rising attrition rates in the
Basic Flying Training Schools (BFTSs) and an equal concern over reports of
falling predictive validity of the pilot aptitude tests. The net effect of
these concerns was that an experimental flying unit was formed with the
objective of testing the concept of reintroducing some form of flying
selection.

The Primary Flying Grading Squadron (PFGS), as the unit was called, came into
being at RAF Church Fenton in Yorkshire on 6 May 1974. The squadron was formed
from the disbanded PFS and was able to capitalise on the availability of
experienced flying instructors and support services of tLe old flying
school.The unit consisted of 6 Qualified Flying Instructors (QFIs), 4 as
instructors and 2 as examiners, and 5 Chipmunk aircraft.

The aim of the PFGS was to test the feasibility of using a short, light
aircraft, flying course as a predictor of later success in RAF flying training.

The PFGS syllabus was developed largely along the lines of the Canadian Armed
Forces Primary Flying Grading Squadron, 3 CFFTS, at Portage La Prairie. Inputs
were alsi made from the Federdal German Air Force flying selection squadron at
Furstenfeldbruk and the RAF Central Flying School.

The ground school programme of the course was designed to give the students
what was considered to be the minimum knowledge of airmanship and aerodynamics
necessary to complete the flyinq syllabus. In addition, each flying exercise
had an associated reading assignment which the student had to complete before
attending the relevant pre-flight Friefing.
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The flying syllabus laid great emphasis on 'attitude' flying, high workload
and maximum handling of the aircraft by the student from an early stage. To
this end, traditional basic handling exercises were compressed and only taught
in the way in which they were to be applied in the tests. The course was 15
flying hours, including a flexible allowance of one hour of non-instructional
flying hour per student.

Instructor standardisation was rigorously pursued before and throughout the
trial using mutual check rides. Examiner standardisation was an even more
difficult task as the pilots had to familiarise themselves with a complex test
booklet which was required to be marked, in the air, during test flights.
Several weeks of training were needed before the examiners were able to reach
acceptable levels of inter-rater reliability and checks were made continuously
throughout the trial period.

"Social interaction between the examiners and the students was kept to a
minimum prior to testing and the examiners were not permitted to see student
training records. In this way, it was hoped that the tests would not be biased
by personal likes and dislikes or knowledge of a students successes or
failures during the instructional phase of the course. The tests were designed
to be as objective as possible and for much of the flight the examiner acted
as a human flight data recorder, noting airspeed, bank and heading deviations.

The trial took almost a year to complete and, during this time, 53 students
were tested. Two tests were administered, one at 9 hours and one at 14 hours.
All results were passed directly to the Research Branch at HQTC as they became
available and they were kept secret until the last of the trial students had
completed the RAF 100 hour Basic Flying Training School (BFTS) course. No
students were failed as a result o"C taking part in the trial and their marks
were never passed to their flying units nor were they used to make any
decisions regarding their careers.

Figure 1. shows the predictive accuracy of the assessments. The white columns
show the biserial correlations of the cumulative subjective marks which were
awarded by the QFIs. The shaded columns show the biserial correlations of the
test marks alone.

1.0 TEST 2.

.9 Biserial TEST 1.
.8 correl at i on
.7

.4

.3

"?~~1 ,TT T4 •..IrrT•- -•- 4 -5 5 -7---- Jg 51 II - ? 13 14

Sortie Number

FIGURE 1. PREDICTIVE VALIDITIES OF INSTRUCTOR ASSESSENTS AND TEST LARKS
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It can be seen that, as the course progressed from sortie I to sortie 14, the
predictive accuracy of the asses'anents increased, although there was some sign
that they were levelling out. The tests, however, show a significantly higher
level of prediction at the same point in the course than the cunulative
assessments of the instructors after many hours of close contact with the
students.

At the end of each course, the instructors and examiners compared notes for
the first time and decidee an an overall Grade for each student on a scale
from 1 to 10; it was nominally decided that level 5 should represent the
dividing line between predicted success and failure.

The Grade was based on a consensus opinion about the likelihood of success in
BFTS. Although the Grades were largely influenced by the test marks, there
were some occassions where borderline cases were decided on the basis of the
instructors' knowledge about the personal suitability of the student for
training within the RAF or other overriding reasons why the test marks should
be modified, such as airsickness or poor continuity.

Figure 2. below shows the distribution of the final Grades for the 53
students. The circles coloured black represent those who failed subsequent
Basic Flying Training. It can be seen that the overall Grades gave a very
accurate assessment; 18 students had been predicted as failures and, by the
end of the following year 16 had indeed failed. 31 out of the 35 predicted
successes subsequently passed Basic Flying Training.

10
9

Predicted as successes 8 0000000
7 000000000000
6 N 0OOOOOOOOOOOO
5 ueeoeoo
4 OM,

Predicted as failures 3 ON
2 I0 = Students who passed tra7;n7
1 1 Students who failed training.

FIGURE 2. DISTRIBUTION OF GRADES SHOWING THOSE STUDENTS WHO
SUE~QLIEN•Y FAILED BASIC FLYING TRAINING SCHOOL

Part oF the rationale for intrcducing a flying selection trial at this time
was that the pilot aptitude tests, then in use at OASC, were unable to make
sufficiently accurate discriminations between the pilot applicants to ensure
low attrition rates at the RAF Basic Flying Training Schools. The validation
of the flying selection tests rested therefore, in part, on the comparison of
the predictive accuracy of the two measures. In particular, it was hoped that
the flying tests would complement the existing selection methods by showing a
low correlation with the pilot aptitude battery.
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Figure 3. below shows the distribution of pilot aptitude scores for the 53
trial students. The low predictive accuracy of the pilot aptitude scores at
this end of the scale is evident. Although the pilot aptitude tests had almost
certainly eliminated many totally unsuitable candidates who scored at the
lower end of the complete aptitude scale, it was clear that further
discrimination was not possible within the reraining appricants without
further testing. The flying selection tests proved that this finer level of
discrimination was possible.

161-170 0
151-160 I0000
141-150 9WfloOoOOO

0 - Students who passed BFTS 131-.40 $8600000000000I - Students who failed BFTS 121-130 hl0000000
111-120 600000
101-110 1

FIGURE 3. RELATIONSHIP BETWEN PILOT APTITUDE SCORES AND SUCCESS
IN BASIC FLYING TRAINING

Following the publication of the results of the Primary Flying Grading Trial,
extensive cost-benefit analyses were carried out to determine the effect of
introducing flying selection into the RAP. A computer-based manpower and cost
model was devised specifically for this analysis. The model was able to
provide accurate cost and resources figures which were used to assess the
inpact of adding an extra stage •n the selection and training system of the
RAF.

The model was also used for to assess alternative solutions to the pilot
selection and classification p-oblem, such as simulator selection or
improvements in the pilot aptitude battery.The aralyis showed that a flying
selection system would be highly beneficial in terms of both costs and
manpower, particularly when it is used to supplement existing testing and
training procedures.

It had beer, known for some time that students who entered the RAF with more
than. 30 "^2-S of previo-us flying experience had a higher chance of success
than 'ab initio' pupils. The Flying Grading Squadron had little to say about
such candidates, and in addition was not designed for them. It was therefore
"decided to eliminate the need to test such candidates further after initial
pilot screening at the Officer and Aircrew Selection Centre.

Students who enter the RAF through the University Cadetship sytem receive
flying training on a Bulldog aircraft during their college years. These
students were also considered unsuitable candidates for additional flying
selction.

Having established how flying selction could be most profitably employed
within the constraints of the RAF training an2 selection system a decision was
made to establish Flying Selection ar a filter for candidates with less than
30 hours of orevious flying experience who were not University Cadets.
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THE RAF FLYING SELECTION SQJADRON.

The RAF Flying Selection Squadron (FSS) was established in September 1979 at
RAF Swynderby, using Chipmunk aircraft which had been in storage for such an
eventuality. The procedures of the FSS are largely those used during the trial
with some modification to the test content as a result of detailed item
analysis.

'he course is scheduled for 6 weeks and comprises 10 or 11 candidates. The 14
hour syllabus has test points at the 9th and 14th exercise, each marked by a
.different examiner; there is an instructor change after the first test. The
flying instructors use subjective assessments to describe the students'
performance after each exercise and at the end of each phase of the course,
th2 instructor makes a prediction of the candidates' probability of success in
later flying training.

The tests are marked in the air by independent examiners. The various items in
the test are weighted and combined to produce an overall score. The examiners
also give a subjective rating of the students' performance.

The decision to either pass or fail a student is taken as a result of a
Disposal Board meeting which is convened aa soon as possible after the
completion of a course. The Board is Chaired by the Group Captain responsible
"for RAF Flying Trainins at the Command Headquarters.

The executive memhers of the Board are the Officer Commanding the FSS and the
-- examiners. Advisory members include all of the flying instructors and a
Command Research Branch ps~chologist. The Board has, in attendence, a
representitive from the Command Headquarters Personnel staff to advise on
alternative carreer placemeiit for the failed students.

The Board notes the subjective assessments given throughout the course and
takes into account any special considerations such as sickness, personal
problems, poor flying continuity or adverse weather during a test sortie.
Initial subjective Grades are recorded and then compared with the objective
rank order; at this time any anomalies between the two are resolved. In this
way, a mixture of objective and subjective assessments produces a final FSS
Grade in which neither element overwhelmingly dominates the other.

At this stage any anomalies between the test marks and the subjective opinions
are resnlved. The Chairmar: acts as the final arbiter for all borderline cases.

FSS has now been runninq for 2 years, during which time 352 candidates,
comprising 34 courses, have been processe-J. 88 of these carndiates did rot go
on to Basic Flying Training; this 'igure includes 8 students who withdrew from
the system at their own request. Thus, the overall FSS rejection rate is
approximately 25%. The present policy sets the minimum acceptable Grade at 6
although the Chairman still retains the authority to pass students with i
Gradle of S provided that he is satisfied that the training risk is
justifi able.

To date, some lq FSS courses have completed BFT and this synple of 153
students is sufficientYv 1 rge to indicate that FSS is performing well.
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Distribution of FSS Grades. Figure 4. below compares the FSS Board Grades with
overall BFT results. The overall level of prediction, as estimated from these
data is .--y much in accordance with expectations based on the trial results.
Clearly, one would expect some lowering of prediction with a real world system
dup tU the problems in maintaining high reliability of assessments and drift
in ne marking standards, but the results so far are most encouraging.
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3 XXX 0 - Students who passed BFTS
2 XXX 0 - Students who failed BFTS*
1 X - Students rejected at FSS

*failure for airwork only.

FIGURE 4. THE RELATIONSHIP BETWEEN FLYING SELECTION GRADES AND
RESULTS AT BASIC FLYING SCHOOL

Effects of FSS on BFTS wastage rates. Table 1. below shows the Basic Flying
Training School wastage rate before and after the introduction of the Flying
Selection test. The results of this initial validation are most encouraging,
and reflect closely the predictions of the computer model of the selection and
training system referrred to earlier.

Table 1. Basic Flying Training School
suspension rate.*

Before the introduction 23%
of Flying Selection

After the introduction 16.1%
of Flying Selection

* Note: these rates only apply to none University cadets with less than 30
hours flying experience before joining the Service. The overall BFTS
suspension rate is different from these figures.

Relationship between FSS Grades and Pilot Aptitude Assessments. All candidates
who enter the FSS have been previously screened using the Pilot Aptitude
battery at the Officer and Aircrew Selection Centre at RAF Biggin Hill. The
Pilot Aptitude index is a composite score of paper and pencil, complex
co-ordination and other tests. Figure 5. below shows the relationship between
FSS Grades and the Pilot Aptitude index of the candidates.
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FIGURE 5. THE RELATIONSHIP BETWEEN PILOT APTITUDE SCORES
AND SUCCES IN BASIC FLYING TRAINING. [Courses-1 - 191.

It can been seen that more FSS rejections and BFTS airwork failures now occur
amongst those students with aptitude scores of 120 and below. This result is
in line with the improved level of prediction from the current pilot aptitude
scores as a result extensive test development. However, in spite of this
improvement in the aptitude testing battery, FSS continues to have an
additional disciminating effect as shown by Figure 6 below which illustrates
that the Flying Selection testing procedure is identifying potential BFTS
failures across the full range of aptitude scores. BFTS failures have not been
included in this Figure as many of the students are still under training.
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Student retention and manpower implications. The present RAF Officer and
Aircrew Selection Center tests make an initial division of aircrew applicants
into pilots and navirlators as a result of their performance on specific
selection criteria. An alternative option would be to make this placement
decision after Flying Selection and this option is currently under
investigation.

Effects on navigator targets, standards and morale will, of course, have to be
taken into account, but the high transfer rate of rejected FSS candidates
gives cause for some optimism. Out of 88 FSS rejections so far, only 6 have
left the Service; a remarkable 93% retention rate. The majority, 60, were
transferrel to navigator training; 13 went to ground branches and disposal
action for the remaining 9 is still being considered.

It would appear that, having obtained their commissions and put some useful
Service experience behind them, rejected FSS candidates are motivated to
remain in the Service, even if they had originally expressed the intention of
being a pilot or nothing. This tends to support the view that Flying Selection
should be established after, rather than before Initial Officer Training.

CONCLUDING REMARKS

Since the end of the second World War, an enormous amount of time and effort
has been expended in the search for improved pilot selection tests. However,
despite this considerable and continuing research investment, it has been said
that the major advances in testing in the last 25 years have been in the area
of statistical methodology rather than in test content (North and Griffen,
1977).

It is also worth noting that the development of tests of high predictive
validity is not, in itself, sufficient for them to be included in a pilot test
battery. As an example, in 1951 the US Air Force gave up the use of
psychomotor tests in selection in spite of their unique contribution to
selection valiJity (Cronbach 1970). Since that time many other selection
measures which have demonstrated high predictive validity have been excluded
from pilot selection batteries because of administrative, reliability and
q-ality control problems.

While there was little doubt that selection tests based on light aircarft
performance were able to produce the necessary levels of predictive validity,
the development of a practicable and reliable test format was a considerable
challenge.

In spite of the complexity of the flying environment, the test methods used in
the Primary Flying Gr9ding Trial in 1974 produced very high rater reliabiity.
This finding is in line with similar studies, such as the development of the
'Illinois Private Pilot Flight Performance Scale' (Povenmire, Alvares and
Damos 1970) in which high observer-observer reliability was observed in a
student grading test situation.
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The justification for introducing Flying Selection into the RAF was, however,
based on a very detailed analysis of the costs, benefits and manpower
implications of multi-stage selection systems. Without a detailed front-end
analysis of this kind the full benefits of Flying Selection may not have been
apparent. Flying Selection is, after all, an expensive form of testing, and it
is not suitable or appropriate for all candidates. However, it is also highly
predictive and, so far, reliable and administratively convenient.

Many questions remain. Why is it, for example, that students who have flown
before joining the Service do so much better in training? It is clear that
they have skills which will be of benefit during their military flying
training but the research evidence tends to suggest that the important
difference may lie in their motivation towards a flying career.

Flying Selection provides an opportunity for the Air Force to take a closer
look at the abilities of candidates before entering them into a very costly
training system. It also allows the candidates with no experience of flying to
assess their own abilities and motivation within a supportive environment.

After two years of using Flying Selection, the RAF has proved that the use of
standardised flying tests can add a level of discrimination to the pilot
selection process which is not obtainable in any other way. Maintenance of
reliability will, undoubtedly, be the greatest challenge in the years to come
but, based on our current experience, the rewards will justify the effort.
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Lipscomb, M. Suzanne, Air Force Human Resources Laboratory, Brooks Air

Force Base, Texas. (Tues. P.M.)

Gender Differences in the Aircraft Maintenance Career Field

Recently, the Air Force has experienced a substantial increase
in the number of women working in the non-traditional mechanics career
areas. To investigate any differences in the job expectations, experi-
ences, and attitudes of males and females working as Air Force aircraft
mechanics, a questionnaire was administered to 800 women and 1600 men
in the aircraft maintenance career field. Items were included in the

So questionnaire to assess why the individual entered the career field,
past interest and experience in mechanics, expectations about the job0 before entering the career field, experiences since entering the career
field, and attitudes toward the the job, the Air Force and reenlist-
ment. The responses to the questionnaire were analyzed for overall
male/female differences, male/female differences within job types in

Sthe career field and the relationships among different experiential
factors and attitudes, with specific emphasis on reenlistment intent.
Results are discussed in terms of gender differences, job type dif-
ferences and with respect to retention probabilities.
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Gender Differences in the Aircraft

Maintenance Career Field

M. Suzanne Lipscomb

Air Force Human Resources Laboratory
Brooks Air Force Base, TX 78235

Background

During the past decade, the number of women serving in the Air Force has
increased from approximately 12,000 to more' than 60,000. This has taken place
while the total active duty force strength has declined by approximately 30%.
There are now over 20,000 women working in job specialties which were once
considered traditionally male jobs, reflecting a substantial shift in the
distribution of sexes across jobs. For example, the Air Force currently has
more women working in aircraft maintenance than in personnel specialties.

The substantial increase in numbers of women and their assignment into
many traditionally all-male career fields has made it increasingly important
for the Air Force to have detailed management information concerning the
characteristics of successful and unsuccessful women, the expectations and
attitudes of women, and the performance and utilization patterns of women in
the operational environment.

While women are assigned to many different technical specialties, there
are at present 1,700 women in the Tactical Aircraft Maintenance and
Airlift/Bombardment Aircraft Maintenance specialties, comprising approximately
4% of the total population of these two specialties. The large number ot
women in these traditionally male career fields provides an excellent medium
for the comprehensive study of women working in non-traditional areas.
Bergmann & Christal (1978) reported a preliminary study investigating the
utilization of women in the Aircraft Maintenance career field. Using
occupational data collected by the Air Force Occupational Measurement Center
(AFOMC), a job-type analysis and an analysis of aptitude distributions were
conducted. Even though the data had not been gathered to investigate the
utilization patterns of women and, the sample of females was small, the study
did produce some interesting findings.

Results from this study indicated that there were significant difierences

in task assignment as a function of gender. Within the same specialty, a
higher percentage of the males were found to be doing actual maintenance tasks
while a higher percentage of females were doing support tasks. The data also
suggested that during the first enlistment there was a movement of individuals

from maintenance to support tasks. However, the extent of this movement
appeared to be much larger for females than males. While few differences were

found in the tasks performed by males and females working in maintenance
functions, differences were found in the tasks performed by men and women
working in support functions. Womea spenL mure oi Lheir time than aid men
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performing administrative or clerical tasks. These tasks were rated by
supervisors as being more difficult than those tasks performed by men in
either maintenance or support jobs. Finally, no significant differences were
found in job attitudes of males and females in either support or maintenance
functions.

The analysis of aptitude distributions conducted in this study suggested
that the mechanical aptitude requirements, used for initial classification and
assignment and historically predictive of success for males, might not be
appropriate for females. Many of the women in the sample did not qualify for
entrance into the career field with their scores on the mechanical aptitude
test but were admitted into the career field during the period when entry was
allowed based on either mechanical or electronic aptitude sceres.
Nevertheless these individuals had graduated from technical training school
and were functioning in the career field and performing maintenance jobs.
However, no data were available on their performance levels or on individuals
no longer in the specialty.

The findings of this exploratory research indentified the necessity of
obtaining data from a larger and more representative sample of wiles and
females in these specialties. These data would include information on the
individuals entering the career field, those leaving the career field, and the
jobs, tasks, attitudes, and performance levels of those currently in the
career field. Information obtained in these areas would provide Air Force
management with a comprehensive picture of the utilization of both wumen and
men in the aircraft maintenance career field and allow planning to insure the
optimum return on personnel investments. The Manpower and Personnel Division,
Air Force Human Resources Laboratory (AFHRL), has initiated a multi-year
research program designed to assess: 1) the characteristics of the aircraft
maintenance career field input population; 2) the characteristics of those
leaving this career field; 3) the on-the-job utilization patterns within the
career field; 4) job expectations and attitudes of career field incumbents;
and 5) the on-the-job performance of personnel in this career field. This
paper will presents the preliminary findings of this research program
concerning the job expectations, experiences and attitudes of men and women in
the Aircraft Maintenance career field. Investigation in the other areas of
interest is continuing and results will be reportcd at a future time.

Method

Survey Construction

In April 1980, an occupational attitude and experience survey was
administered in conjunction with the routine occupational survey of the
Aircraft Maintenance career field conducted by the Air Force Occupational
Measurement Center. The survey battery contained a background section in
which job incumbents provided demographic information about themselves, their
job satisfaction, reenlistment intent, TDY experience, shift work and
equipment useage. This section was followed by a task list covering 23 duties
and 1045 tasks to assess the relative time spent on tasks performed by the
respondent. The task list was followed by a final section addressing job
expectations, attitudes, and experience. Responses to the task list are
undergoing a separate analysis which will be reported at a later date.
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The job expectations and experience items were designea to identify why

the incumbent entered the career field, their past interest and experience in
the mechanical area, their expectations about the job before entering the
career field, and their experiences since entering the career field. It is
important to know if men and women enter the career field for the same or
different reasons, have differing expectations, have different experiences on
the job and how these factors effect such things as attitudes and intention to

reenlist. The first items in the questionnaire were concerned with the

reasons why the respondent entered the Air Force, and the reasons why they
entered the aircraft maintenance career field. Respondents were also asked

whether or not aircraft maintenance was their first career field choice and

what their career plans were when entering the Air Force. These questions
were raised by a study conducted in 1974 in which over halt of the women in a
sample of technical school trainees reported they had chosen aircraft
maintenance because it was the only field open when they enlisted (Longridge,
1974). Also relating to attitudes held before entering the career field,

respondents were asked about their prior experience and interest in the

mechanical area. As an indication of current interest in the arzea, they were
asked if they would try to find a job in a mechanical field if they were to

leave the Air Force.

In order to examine the expectations held by men and women before they

entered the career field, a series of questions were asked concerning how
their work compared to what they had expected. The items covered technical

difficulty, physical strength requirements1 workload, and environmev-t. These
same areas were also covered by questions relating to how the respondents' job

had changed since entering the career field. A series of questions concerning
job satisfaction were asked followed by questions about the amount of

assistance required on their job and specific problems with technical tasks
and physical requirements. The final items in the questionnaire concerned

supervisor attitudes and a section concerning the male/female composition oi

the work group and the perceived effectiveness of that work group.

Data Collection

The survey battery was administered in the field to 100 percent ot the

women in the career field who were available to complete the battery and two

men in the career field for every woman surveyed. Women and men were matched
on length of military service to eliminate any systematic bias due the tact
that the average length of military service of males in the career tield, as a

whole, is longer than the average length of military service of the tamen in

career field.

Data Analysis

The responses to this questionnaire were analyzed to identify

statistically significant male/female differences. Most items had options

reflecting an underlying continuum of possible responses and significant

gender differences among these items were identified through t ratios computec
using the Bonferroni technique for multiple comparisons. In addition to

identifying items having significant gender effects, the strength of these
effects was also evaluated in terms of the amount of variance items accounted

for which discriminated between genders through a stepwise discriminant

analysis algorithm. For those few items having categorical response options,

a chi-square analysis was performed to identify significant gender differences.
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RESULTS

An overall description of the sample obtained for analysis is shown in
Table 1. Again, the intent of the sampling strategy was to eliminate any
systematic bias resulting from differences in length of military service
between males and females. Although there are some minor differences between
the female and male sub-samples, overall, the men and women appear well
matched. The only difference worth noting is that women report being in their

job a shorter length of time than the men. This is not to be confused with
time in service or in the career field.

Table 1. Sample Characteristics

Women Men

Item (n-797) (n=1594)
Mean SD Mean SD

1. Age 24.70 3.39 23.76 2.76

2. Years of Education 12.43 .94 12.20 .70

3. Months of Military Service 36.71 20.07 36.71 20.07

4. Military Grade 3.57 .87 3.50 .81

5. Months in Career Field 33.93 20.09 33.77 19.62

(. Months in Job 16.02 12.47 19.88 13.62

7. No. Supervised .44 1.25 .72 1.93

In Table 2 are shown the results of the chi-square analyses of the
questionnaire items having categorical response options. Statistically
significant (p < .001) gender differences were found on all these items. As

shown in Table 2, the reason most given for entering the aircraft maintenance
career field by both males and females was that it was the area of strongest

interest. However, differences can be noted in all response categories.
Similar to the findings of the Longridge study, females were more likely to
have been persuaded by a recruiter or to have entered the career field because
it was the only one open to them. Differences can also be noted in the
reasons given for entering the Air Force. A higher percentage of males than
females report entering the AF to gain training for use in civilian life or to
serve their country. Females were more likely than males to report entering
the Air Force for college or educational benefits or for adventure, excitement
and travel. When asked about their career plans upon entering the career
field, a larger percentage of females than males reported that aircraft
maintenance was not their first career field choice. Similarly, a higher
percentage of the females than males planned to crosstrain out of the
specialty. A higher percentage of the female sample attended resident
technical Lraining and females were more likely to work the day shift as
opposed to other shifts. No differences were found as to whether supervisors
were male or female, military or civilian.
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Table 2. Chi-square Analyses

% Females % Males
Item (n=797) (n=1594) Chi-Square

i. What was the main reason you entered the 190.69*
aircraft maintenance (43XXX) career field?
1. Only career field open when I enlisted 25.41 13.17
2. Previouq civilian experience in the field .51 2.49
3. Training for use in civilian life 3.68 15.66
4. Area of strongest interest 33.55 47.19
5. Persuaded by recruiter 28.97 17.20
6. Other 7.88 4.28

2. What was the main reason you enlisted in 147.43*
the Air Force?
I. Training for use in civilian life 10.76 28.63
2. College/educational benefits 31.63 21.60
3. Adventure/excitement/travel 25.33 16.61
4. Influenced by someone in the military 6.79 6.45
5. To get away from a personal problem 5.25 4.60
6. Couldn't find any other job 5.89 6.84
7. To serve my country 6.40 10.93
8. Can earn more money in the Air Force than 1.92 .32

as a civilian
9. Other 6.02 4.03

3. In your present job, which of the following 43.40*
most closely describes the schedule you normally work?
1. Day shift (such as 0800-1600) 55.96 41.61
2. Other 44.04 58.39

4. What were your career plans when you entered the 36.67*
aircraft maintenance (43XXX) career field?
1. 1 planned to stay in the 43XXX career field for 49.43 57.77

at least my first-term of enlistment
2. 1 planned to cross train out as soon as 20.88 11.74

possible
3. I had no plans 29.69 30.49

5. Was aircraft maintenance (43XXX) your first career 28.61*
field choice?
1. Yes 60.41 71.46
2. No 39.59 28.54

724



Table 2. Chi-square Analyses (Cont'd)

Z Females % Males

Item (n=797) (n-1594) Chi-Square

6. How were you assigned to your present career 25.89*
ladder? Blacken only one circle on this line.
1. Completed resident technical training 80.03 72.22
2. Reclassified without completing technical .91 1.54

training or OJT
3. Directed duty assignment (DDA) from basic 3.24 6.82

training to OJT without bypass test
4. DDA from basic training by bypass test .26 .96

5. Converted from another AF specialty without .52 1.35
training by classification board action

6. Retrained from another specialty 1.04 1.16
7. Reenlisted after prior service in USAF or 1.17 1.54

from another branch of service
8. Not assigned to my career ladder by any of 12.82 14.41

the above methods

7. Is your immediate supervisor male or female? -37
I. Male 98.11 98.54
2. Female 1.89 1.46

8. Is your immediate supervisor military or civilian? .60
1. Civilian 3.91 4.70
2. Military 96.09 95.30

*Significant at .01 level.
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"A total of 54 questionnaire and background items with continuous response
options were analyzed for male/female differences. T-values were computed to
identify significant differences between male and female sample means and a
Bonferroni adjustment for multiple comparisons was applied in the test for
Cignificance. As shown in Table 3, 25 items were found to be significant at

the .01 level.

To determine practical significance, the sime 54 items were entered into a
stepwise discriminant function analysis with gender as the dependent

variable. A total of 13 variables were identified as significantly
differentiating between men and women at the .001 level, and accounted for 38%
of the variance discriminaLing between genders. The first six variables

entering into the discriminant function accounted for 34% of the total gender
variance. However, it was found that variables entering the stepwise
algorithm after the sixth item each accounted for less than 1% of the gender
variance. Therefore, it was felt that only the first six variables merited
discussion.

As shown in Table 4, the item asking "If you left the Air Force, would you
try to find a job in the mechanical area?" was the best single discriminator

between males and females accounting for approximately 18% of the gender

variance. Females were found significantly less likely to attempt to find a
mechanical job in the civilian sector after separation than were the males.
Other significant discriminators indicated that women reported less prior
experience than males in the mechanical area and females found that their jobs
"required somewhat more physical strength than they expected, whereas males
reported their jobs required slightly less physical strength than expected.
Women reported working in duty sections with a slightly higher proportion of

females than do males and were less inclined to leave the Air Force than were
the males. When asked how much confidence their supervisors had in them
initially, women reported perceiving less confidence than males. It is
interesting to note that when asked how much confidence their supervisors have
in them now, there was virtually no difference in the amount of confidence
males and females reported perceiving. It is also of interest to note that
that on many items in which differences might have been expected, such as the
amount of assistance required, and in amount of TDY, meaningful gender
differences were not found. As in the Bergmann ari Christal study,
differences in job attitudes were not found to hoave practical significance.

CONCLUSIONS

Overall, the analysis of the jobý expectations, experiences, and attitude
data indicate that some significant differences do exist between males and

females in their reasons for entering the Air Force and the Aircraft
Maintenance career field, in their previous mechanical experience and their
plans for civilian work.

Differences were also indicated in the area of expectations about the
amount of strength required on the job, initial supervisor confidence and
desire to leave the Air Force. However, oifferences were not found to be
gender specific in other areas of expectations, experiences and attitudes.

Overall, satisfaction with the Air Force and their jobs, current supervisory
confidence, job difficulties and job changes were not found to have
discriminative gender significance.
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Taile 3. Questionnaire Items: Summary Statistics

Females (n=797) Males (ns1594)

Item Mean SI) Mean ZD L ratioa

1. Present Grade 3.57 .87 3.50 .81 1.88
1. EI-AB 6. E6-TSgt
2. E2-AMN 7. E7-MSgt
3. E3-AIC 8. E8-SMSgt
4. E4-Sgt 9. E9-CMSgt
5. E5-SSgt

2. Total Time in Career Field (months) 33.93 20.09 33.77 19.62 .19

3. Time in Present Job (months) 16.02 12.47 19.88 13.62 -6.79*

4. Circle the highest school grade or college/ 12.43 .94 12.23 .70 6.16*
university year completed (include equal level,
like GED, but not special training, like
vocational, outside regular school)
01 07 13
02 08 14
03 09 15
04 10 16
05 I1 17
06 12 18

5. In your present job, which of the following 1.44 .49 1.58 .49 b
most closely describes the schedule you
normally work?
1. Day shift (such as 0800-1600)
2. Other

6. For how many airmen and civilian are you the .442 1.25 .719 1.ý3 -3.64
immediate supervisor? (Include only those who
report directly to you)

7. Over the last six months, how many days have you 1.48 .98 1.79 1.34 -6.36*
been TDY?
1. None 6. 91-120 Days
2. 1-14 Days 7. 121-150 Days
3. 15-30 Days 8. 151-180 Days
4. 31-60 Days 9. 181 Days or more
5. 61-90 Days

8. Over the last year, how many times have you 1.50 .89 1.61 .94 -2.95
been TDY?
1. None 4. 11-15 Times 7. 26-30 Times
2. 1-5 Times 5. 16-20 Times 8. 31-35 Times
3. 6-10 Times 6. 21-25 Times 9. 36 Times or

more
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lable 3. Questionnaire ILems: Sum , :tatIstics (Conc'o)

Females (n=197) Males (n=1594)
Item Mean SD Mean SP

Q. Was aircraft maintenance (43XXX) your first 1.40 .49 1.28 .45
career field choice?
I. Yes
2. No

10. How similar is your assigned career field 3.07 1.64 2.38 1.63
to your preferred career field?
I. I was assigned to my preferred career field.
2. Very similar
3. Somewhat similar
4. Not very similar
5. Not at all similar

11. How difficult was aircraft maintenance technical 2.84 .84 3.24 .69
training for you?
1. Very difficult
2. Somewhat difficult
3. Fiirly easy
4. Very easy

12. Before you entered aircraft maintenance 3.09 .91 2.13 1.01
technical training, how much mechanical
experience did you have.?
1. Considerable experience
2. Some experience
3. Little experience
4. No experience

13. Before entering aircraft maintenance 2.32 1.04 1.50 -75
technical training, how much interest did
you have in mechanics?
1. Considerable interest
2. Some interest
3. Little interest
4. No interest

14. If you left the Air Force, wn,tld you try to 3.57 1.29 2.26 1.20
find a job in the mechanical area?

1. Definitely
2. Probably
3. Not sure
4. Probably not
5. Definitely not

i5. How do y., find your job? 4.64 1.30 4.63 li5
1. Extremely Dull 5. Fairly Irteresting

2. Very Dull b. Very InLeresting
3. Fairly Dull 7. Extremely Interesting
4. So-So
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Table 3. Questionnaire Items: Sumary Statistics (Conc'd)

Females (n-797) Males (n-1594)
Iten Mean SD Mean SD t ratioa

16. Is your work more or less difficult technically 3.46 1.14 3.78 1.05 -6.56*
than you expected before entering the 431XI1X2
AFSC?
1. Much more difficult
2. Slightly more difficult
3. It is what I expected
4. Slightly less difficult
5. Much less difficult

17. Do you do more or less work where you get dirty 2.93 1.15 2.90 1.08 .73
than you expected before entering the s3lXl/X2
AFSC:
1. Much more
2. Slightly more
3. It is what I expected
4. Slightly less
5. Much less

18. Does your work require more or less physical 2.66 1.14 3.22 .94 -11.94'
strength than you expected before entering the
431X1/X2 AFSC?
1. Much more strength
2. Slightly more strength
3. It is what I expected
4. Slightly less strength
5. Much less strength

19. Is your workload heavier or lighter than you 2.95 1.12 3.04 1.14 -1.86
expected before entering the 431X1/X2 AFSC?
1. Much heavier
2. Slightly heavier
3. It is what I expected
4. Slightly lighter
5. Much lighter

20. Do you spend more or less time working under 2.44 1.18 2.34 1.13 i.84
unfavorable conditions (heat, cold, bad weather,
etc.) than you expected before entering the
431XI/X2 AFSC?
1. Much more
2. Stightly more
3. It is what I expected
4. Slightly less
5. Much less
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Table 3. Questionnaire Items: Summary Statistics (Cont'd)

Females (n'797) Males (n=1594)
Item Mean SD Mean SD t rat

21. Do you now receive more or less supervision than 4.32 .9b 4.22 1.05 2.
when you first began working in the 431XI1X2
AFSC?
1. Much more
2. Slightly more
3. It is what I expected
4. Slightly less
5. Much less

22. Do you now have more or less supervisory 3.14 .96 2.93 .87 4.
responsibility than when you first began
working in the 431Xl/X2 AFSC?
I. I am not a supervisor
2. Much more
3. Slightly more
4. No change
5. Slightly less
6. Much less

23. Do you do more or less clerical/administrative 2.51 1.30 2.87 1.12 -6.7
work than when you first began working in the
431XI/X2 AFSC?
1. Much more

2. Slightly more
3. No change
.4. Slightly less
5. Much less

24. Do you now do more or less work where you get 3.36 1.39 2.91 1.17 7.7ý
dirty than when you first began working in the
431X1/X2 AFSC?
1. Much more
2. Slightly more
3. No change
4. Slightly less
5. Much less

25. Dcees your work now require more or less 3.36 1.26 3.10 .96 5.2t
physical strength than when you first began
working in the 431XI/X2 AFSC?
1. Much more

2. Slightly more
3. No change
4. Slightly less
5. luch less
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Table 3. Questionnaire iLtems: Sutwaary Statistics (Cont'd)

Females (n=797) Males (n=1594)
:Item Mean SD Mean SD t ratioa

26. Is your workload now heavier or lighter 2.77 1.28 2.60 1.17 3.28
than when you first began working in the

431X1/X2 AFSC?
1. Much heavier
2. Slightly heavier
3. No change
4. Slightly lighter
5. Much lighter

27. Do you now spend more or less time working 3.24 1.31 2.82 1.11 7.70*
under unfavorable conditions (heat, cold,
bad weather, etc.) than when you first began
working in the 431XI/X2 AFSC?
1. Much more
2. Slightly more
3. No change
4. Slightly less
5. Much less

28. Are you satisfied with the Air Force in general? 2.86 1.25 3.15 1.26 -5.36*
I. Very satisfied
2. Fairly satisfied
3. Nzither satisfied or dissatisfied
4. Somewhat dissatisfied
5. Very dissatisfied

29. How satisfied are you with your present Air 3.06 1.37 2.90 1.33 2.61
Force job?
1. Very satisfied
2. Fairly satisfied
3. Neithý satisfied or dissatisfied
4. Somewhat dissatisfied
5. Very dissatisfied

30. How much useful skill and experience are you 3.11 1.14 2.78 1.14 6.66*
gaining from your job?
1. A very large amount
2. A large amount
3. Some
4. Very little
5. None

31. flow does your job utilize your talents? 3.15 1.34 3.37 1.43 -3.68
1. Not at all 5. Very well
2. Very little 6. Excellently
3. Fairly well 7. Perfectly
4. Quite well
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Table 3. Questionnaire Items: Summary Statistics (Cont'd)

Females (n=797) Males (r,=1594)

Item Mean SD Mean SD t

32. How does your job utilize your training? 3.33 1.44 3.66 1.45
1. Not at all 5. Very well
2. Very little 6. Excellently
3- Fairly well 7. Perfectly
4. Quite well

33. How satisfied are you with the sense of 4.43 1.72 4.54 1.64
accomplishment you gain from your work?
1. Extremely Dissatisfied 5. Slightly Satisfied
2. Very Dissatisfied 6. Very Satisfied
3. Slightly Dissatisfied 7. Extremely Satisfied
4. Neither Satisfied Nor Dissatisfied

34. If you had the chance, would you change to 2.18 1.24 2.39 1.27
another career field?
1. Definitely would
2. Probably would
3. Not sure
4. Probably would not
5. Definitely would not

35. If you had the chance, would you leave the 2.97 1.27 2.65 1.26
Air Force?
1. Definitely would
2. Probably would
3. Not sure
4. Probably would not
5. Definitely would not

36. Do you plan to reenlist? 2.32 1.10 2.25 1.06
I. No
2. Uncertain, Probably No
3. Uncertain, Probably Yes
4. Yes

37. How many of the taský in your job can you 1.88 .819 1.78 .78
perform without technical assistance from
another person?
I. A very large number
2. A large numher
3. Some
4. Very few

5. None

38. How often do coworkers volunteer to give 2.76 1.07 2.78 1.02
you technical assistance?
I. Very often
2. Often
3. Sometimes

4. Rarely
S. Never

732



Table 3. Questionnaire Items: Summary Statistics (Cont'd)

S........ Females (n-797) HMales (U=1594)

Item Mean SD Mean SD t ratioa

39. How often do you have to ask for technical 3.25 .75 3.26 .78 -. 29
assistance?
1. Very often
2. Often
3. Sometimes
4. Rarely
5. Never

40. How many of the physical tasks (lifting, 2.40 .87 2.26 .74 3.98*
moving equipment, reaching, etc.) in your
specialty can you perform without assistance
from another person?
1. Ali
2. Most
3. Some
4. Few
5. None

41. How often do coworkers volunteer to help you 2.52 1.05 2.51 .99 .27
with physical tasks (lifting, moving equipment,
reaching, etc.)?
1. Very often
2. Often
3. Sometimes
4. Rarely
5. Never

42. How often do you have to ask for help doing 3.27 .83 3.22 .84 1.34
physical tasks? (Lifting, moving equipment,
reaching, etc.)
1. Very often
2. Often
3. Sometimes
4. Rarely
5. Never

43. How many of the tools required in your job 3.90 .91 3.76 .97 3.12
are difficult to use because of their size
or bulkiness?
1. A very large number
2. A large number
3. Some
4. Very few
5. None
6. Not applicable
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Table 3. Questionnaire Items: Summary Statistics (Cont'd)

Females (n=797) Males (n-1594)

Item Mean SD Mean SD t r

44. How many of the tools required in your job are 4.04 .85 4.35 .76
difficult to use because they require too much

strength?
1. A very large number
2. A large number
3. Some
"4. Very few

5. None
6. Not applicable

45. How many of the tools required in your job are 4.50 .70 4.53 .69
difficult to use because it is hard to under-
stand how to operate them?
1. A very large number

2. A large number
3. Some
4. Very few
5. None
6. Not applicable

46. Is your immediate supervisor male or temale? 1.02 .14 1.01 .12
1. Male
2. Female

47. Is your immediate supervisor military or 1.96 .19 1.95 .21

civilian?
1. Civilian
2. Military

48. How does your supervisor judge your work? 2.97 .62 2.92 .68

I. Very leniently
2. Somewhat leniently
2. In a fair way
4. Somewhat harshly
5. Very harshly

49. How often does your immediate supervisor give 2.96 1.12 3.08 1.11

you recognition for a job well done?
1. Very often
2. Often
3. Sometimes
4. Rarely
5. Never
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Table 3. Questionnaire Items: Summary Statistics (Cont'd)

Females (n=797) Males (n=1594)

Item Mean SD Mean SD t ratio8

50. When you first began this assignment, how much 2.86 1.09 2.45 .92 8.30*
confidence did your supervisor have that you
could do your job well, compared to your fellow
workers with the same amount of experience?
1. A very large amount
2. A large amount
3. Some
4. Very little
5. None
6. Don't know

51. How much confidence does your supervisor have 1.96 .83 1.96 .81 .03
that you can do your job well now, compared to
your fellow workers with the same amount of
experience?
1. A very large amount
2. A large amount
3. Some
4. Very little
5. None
6. Don't know

52. How would you rate the effectiveness of your 2.68 1.02 2.56 1.11 2.53
duty section compared to other 43XXX duty
sections?
i. Much more effective
2. More effective
3. About the same
4. Slightly less effective
5. Much less effective

53. Approximately how many 431X1/X2 personnel are 5.68 3.08 6.17 2.75 -3.75*
in your duty section?
1. 0-3 6. 26-30
2. 6-10 7. 31-35
3. 11-15 8. 36-40
4. 16-20 9. 41 or more
5. 21-25

54. Approximately what is the proportion of female 2.39 1.14 1.94 .86 9.92*
and male 431X1/X2 personnel in your duty section?
I. 0% female/l00% male
2. 5% female/95% malle
3. 10% female/902 male
4. 15% female/85% male
5. 20% female/80% male
6. 30% female/70% male
7. 40% female/60% male
8. 50% or more female/50% or less male

aBonferroni Tcrit = 3.75, p = .01

bThese items are not amenable to T-test comparisons. gee Table 2.
*p .01
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Table 4. Summary of Significant Gender Discriminators

Females (n=521) Males (n-1137) Unique

Item Mean SD Mean SD Contributioi

1. If you left the Air Force, would you 3.57 1.29 2.26 1.20 18%
try to find a job in the mechanical area?
1. Definitely
2. Probably
3. Not sure
4. Probably not
5. Definitely not

2. Before you entered aircraft maintenance 3.09 .91 2.13 1.01 7%
"technical training, how much mechanical
experience did you have?
1. Considerable experience
2. Some experience

3. Little experience
4. No experience

3. Does your work require more or less 2.66 1.14 3.22 .94 4%

physical strength than you expected
before entering the 431XI/X2 AFSC?

1. Much more strength
2. Slightly more strength
3. Ic is what I expected

4. Slightly less strength
5. Much less strength

4. If you had the chance, would you 2.39 1.14 1.94 .86 2%

leave the Air Force?
1. Definitely would
2. Probably would
3. Not sure
4. Probably would not
5. Definitely would not

5. Approximately what is the proportion 2.97 1.27 2.65 1.26 2%
of female and male 431X1/X2 personnel
in your duty section?

1. 0% female/100% male
2. 5% female/95% male
3. 10% female/90% male
4. 15% female/85% male

5. 20% female/80% male
6. 30% female/70% male

7. 40% female/60% male
8. 50% or more female/50% or less male

6. When you first began this assignment, 2.86 1.09 2.45 .92 1%
how much confidence did your supervisor
have that you could do your job well,

compared to your fellow workers with
the same amount of experience?

1. A very large amount
2. A large amount
3. Some
4. Very little
5. None
6. Don't know
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Perhaps the information to come from these data which should be of most
interest to Air Force managers is that a greater percentage (54.38%) of the
women than men (30.37%) in this study entered the aircraft maintenance career
field because it was the only area open or they were persuaded by the
recruiter. Similarly, approximately 21% of the women compared to 12% of the
men planned to crosstrain out at the time of entry. While these differences
in reason for entering the career field and career plans have no corresponding
difference in job attitudes and reenlistment intent, it is not yet known the

impact of these differences in other areas such as crosstraining rates and
performance levels.

It is also of interest that the women in the sample reported perceiving
less confidence initially from their supervisors than the men. This, as well
as the women expecting the job to require less strength than it did, could
result in a longer time being required for the women to adjust to the job
initially. These misconceptions on the part of the supervisors as well as
those entering the career field could be overcome through the dissemenation of
more accurate information and efforts to dispel predjudice. As women report
less interest in leaving the Air Force than do men, efforts to improve their
utilization and adjustment into the career field should be worthwhile.

Further analysis of these data will be conducted using the results of the
currently ongoing job analysis. Males and females car. then be grouped by job
type and differences between males and females in the same job type and across
job types can be analyzed to investigate the effect of the type of work
performed upon these areas of interest. This, along with the investigation of
the input and exit populations, utilization patterns, and on-the-job
performance levels, will give an in-depth view of the career field and the
women and men working in it.
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Loo, Robert, Canadian Forces Personnel Applied Research Unit, Willowdale,
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Utility of the Field Dependence Dimension in Military Settings

• The field dependence - field independence dimension was defined
and its relationships with various personality dimensions, social
behaviors, and problem-s-Ilving styles were identified. In the military
context, the utility of the field dependence construct and of various

r-4 measures of field dependence were critically reviewed. Empiricalcz studies which used military samples or which examined areas directly
related to the military, for example, map reading skills, target

-(9 detection, and computer skills were examined. Then conceptual and
methodological issues surrounding the field dependence construct were
discussed. These issues focused on the relationships between field
dependence and intelligence, sex differences in field dependence,

C) relationships among various measures of field dependence, components
underlying performance on field dependence tests, and design problems
with much of the research in this area. Finally, a set of guidelines
was presented for the future use of the construct and its measures in
military settings. These guidelines focused on, among other points,
the importance of selecting appropriate measures of the construct, the
use of multivariate as well as univariatc designs, and controls for
various potential sources of confounds.
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UTILITY OF THE FIELD DEPENDENCE DIMENSION
IN MILITARY SETTINGS

Robert Loo Ph.D.

Canadian Forces Personnel Applied Research Unit
4900 Yonge Street

Willowdale, Ontario

INTRODUCTION

Beginning with visual perception studies using the Rod-and-frame Test,
Witkin and his associates (e.g., Witkin, Lewis, Hertzman, Machover, Meissner &
Wapner, 1954) found that subjects could be differentiated along a continuum
based on their ability to separate a given "figure" from "ground" in the
visual field. They labelled this continuum perceptual field-dependence-
independence. Field dependence (FD) can be described as a "fused" or "global"
way of perceiving; perception is dominated by the overall organization of the
(visual) field. Field independence (FI), on the other hand, can be described
as an articulated way of perceiving; parts of the field are perceived as
discrete from the organized background.

In the 30-odd years since its introduction into the scientific
literature, the field dependence dimension has been extensively examined.
Before his unfortunate death in 1979, Witkin (Witkin & Goodenough, 1977;
Witkin, Goodenough & Oltman, 1979) published two papers which are excellent
overviews on the status of the field dependence construct. In one paper,
Witkin & Goodenough (1977) presented a comprehensive examination of the
relationships between field dependence and interpersonal behavior.
Essentially, they reported that FD persons have a strong interpersonal
orientation in terms of being emotionally open, gravitating toward social
situations, and prefering to be physically close to others; whereas, Fl
persons have an impersonal orientation in terms of not being very interested
in others, showing both physical and psychological distancing from people, and
showing a preference for nonsocial situations. In the other paper, Witkin
(Witkin et al., 1979) updated the status of his psychological differentiation
construct, a high-ordar construct of which field dependence is the most
studied lower-order construct. An important focus of this paper, as compared
with Witkin's previous overviews, was the attention given to
neurophysiological research published during the 1970's on the relationships
between field dependence and, say, lateral ipecialization of the hemispheres
or patterns of electroencephalogram (EEG) recordings.

MEASURES OF FD

The pioneering research used the Rod-and-Frame Test (RFT), a test in
which the subject, while seated in a darkened room, must adjust to the upright
a tilted luminous rod centered within a tilted luminous frame. Since those
pioneering days, Witkin and his associates have developed several othez tests
of field dependence. Several tests are variations of the RFT; for example,
the portable RFT, the Tilting-Room-Tilting-chair Test, the Room-Adjustment
Test, and the Body-Adjustment Test. However, another line of test development
produced the Embedded Figures Test (EFT) and a group-administered version of
the EFT. These embedded-figures tests are more practical in the sense that
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they do not require cumbersome equipment, special rooms or periods of dark
adaptation. In addition, the Group Embedded Figures Test (GEFT) permits group
testing whereas all the other tests mentioned require individual testing, a
time consuming and costly way of gathering data.

Numerous studies have examined the interrelationships among the various
measures of field dependence. Arbuthnot (1972) reviewed 40 such studies which
reported a total of 122 correlations between field dependence measures. He
noted, for example, that the mean correlation was 0.54 for the 21 correlations
reported between scores on Lbe RFT and Witkin's original 24-item EFT.

FD AND OTHER VARIABLES

There has been much interest in relating field dependence to variables
in the personality and attitudes domains among others. Table 1 identifies
some findings reported in the literature over the past 25 years. One caveat
in examining the table is that for each area there are studies which have
failed to obtain the described relationships and even studies which have
obtained contradictory results. However, there appears to be sufficient
evidence to support the descriptions in Tabla i. The two papers by Witkin
(Witkin & Goodenough, 1977; Witkin et a!., 1979) provide references for these
various relationships.

Table 2 presents some applications of field dependence which are
military based or directly applicable to the military. Fine (e.g., 1980), at
the U.S. Army Research Institute of Environmental Medicine, has demonstrated
the utility of the field dependence construct in studying (visual) sensation
and perception in a military context where U.S. soldiers served as
participants. Fielo dependence has also been used as one variable in
describing human operator performance in man-machine interfaces; for example,
Howard (1979) has shown the usefulness of field dependence in predicting
console operator performance on the Patriot weapon system. Moving from
performance in man-machine systems to performance "in the field", Belletti and
Anthony (1979) have shown that field independent persons on an artillery
forward observers course performed better than field dependent persons.
Studies have also shown the utility of field dependence in examining pilot
performance (e.g., Cullen, 1969; Kennedy, 1972), vehicle driver performance
(e.g., Loo, 1978a), and performance in vehicle simulators (e.g., Barrett
et al., 1969).

Stasz and Thorndyke (1980) have shown that field dependence is related
to map reading skills where such skills are relevant to many areas in the
military. Loo (1981) has suggested that field dependence may be a useful
construct in selecting and in understanding performance in tactical command,
control, and commuinication (C 3 ) systems. Finally, work by Fine (1972) with
military samples and by Loo (1978b) with civilian samples has shown
relationships between field dependence and symptoms of psychopathology,
namely, neuroticism.

CRITIQUE OF FIELD DEPENDENCE

Many have taken up the field dependence construct in their research
since Witkin's early work; however, several researchers (e.g., Arbuthnot,
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1972; Vernon, 1972; Wachtel, 1972) have expressed concern over the validity of
some claims made by Witkin and over the methodology used in many studies in
this area.

Performance Components of FD Measures
It is suggested that, on the basis of determinants of performance,

typical measures of field dependence can be clustered into two groups,
embedded-figures tests and adjustment test such as the Rod-and-Frame Test.This
position differs from Witkin who would claim that these tests have high
convergent validity in the measurement of field dependence.

Perhaps the earliest evidence for the two-clusters position espoused in
the present paper can be found in Goodenough and Karp's (1961) factor-analytic
study. Although they were concerned with the relationship between field
dependence and intellectual functioning, their results can be interpreted to
suggest that the various field-dependence variables they used do not clearly
identify a homogeneous clustering of field-dependence measures. They
performed two oblique factor analyses, one on data from a group of 25 boys and
25 girls (Group A) and the other on data from a group of 30 boys (Group B).
Factor loadings in the solution for Group A showed that no one factor
identified all eight field-dependence variables. However, loadings for the
even smaller Group B showed that Factor III identified all five
field-dependence variables used with that group. In both oblique solutions,
each of the various field-dependence variables typically loaded on more than
one factor. Unfortunately, the authors did not report the correlations among
the primary factors or second-order analyses. Obviously, oblique primaries
indicated that higher-order analyses should have been performed, and if they
had been, then the results might have been more meaningful both for their
purposes and for those of the present paper.

A second more comprehensive and direct source of evidence for the
position is found in Vernon's (1972) large-scale factor-analytic study with
adolescents. First, his two Rod-and-frame Test scores intercorrelated higher
(0.63) than the two scores did with Embedded-figures Test scores k0.32, 0.40);
and secondly, Vernon found that when general intelligence was partialed out of
all correlations, only the intercorrelation between the two Rod-and-frame Test
scores remained significant (0.53), while the remainder of the correlatiens,
including those between the two Rod-and-frame Test scores and the
Embedded-figures Test scores (0.15, 0.18), became nonsignificant. These
points suggest that performance on the Rod-and-frame Test is essentially
independent of intelligence, whereas performance on the Embedded-figures Test
is highly related to intelligence level.

Finally, Arbuthnot (1972) reviewed 40 studies which reported
correlations among various field-dependei.ce measures. He noted that the mean
correlaticn between performance on the Rod-and-frame Test and the 24-item
Embedded-figures Test from 21 correlations was 0.54, and between the
Rod-and-frame Test and the 12-item Embedded-figures Test from nine
correlations was 0.37. The magnitude of the correlations indicated the low
con"..on variance shared by those two clusters of measures and thus the lack of
convergent validity.
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COMPONENTS UNDERLYING PERFORMANCE IN EMBEDDED-FIGURES AND ADJUSTMENT TESTS

Several possible components or factors affecting performance on
field-dependence tests may be extracted to explain Lhe low covariation between
tests in the two clusters, embedded-figures and adjustment tests, and the high
covariation within clusters. There seem to be components required for the
solving of embedded-figures tests but not for adjustment tests and vice versa.

One distinction between the various embedded-figures and adjustment
tests such as the Rod-and-frame Test, the portabe Rod-and-frame Test, the
Tilting-room-tilting-chair Test, Room-adjustment test, and Body-adjustment
Test is the requirement in the embedded-figures tests to remember for at least
a few seconds the given simple geometric form in order to find it when given
the complex form. Secondly, a perceptual-motor component also underlies

performance on embedded-figures tests in that the subject is required not only
to remember a simple form but also to outline it within the complex form.

A third factor found only in embedded-figures tests is
reversible-perspective items. Vojtisek and Magaro (1974) reported that
psychiatric patients had greater difficulty solving items with reversible
perspective than with other items on embedded-figures tests. On the other
hand, Loo (1978c) reported that normal females were at least as successful in
solving reversible-perspective items as in solving the remaining items in both
individual and group forms of the Embedded-figures Test. However, he also
found that when extreme groups were formed based on ease and difficulty of
solving reversible-perspective items, greater difficulty was associated with
greater sociability and more minor "psychiatric" complaints than was greater
ease of solving such items. Finally, the time restraints placed on solution
tine to items in embedded-figures tests also distinguish these tests from

adjustment tests.

At lease one factor or component is required in the adjustment tests
but not in the embedded-figures tests. The adjustment tests require that a
kinesthetic component be linked with the visuospatial component to achieve
high accuracy in these test situations.

Having stressed the components required in one cluster of tests versus
the other, the components required in the solution of both clusters of tests
are itemized. As in all tests, an optimal level of motivation and arousal
(e.g., Oltman, 1964) on the subjects' part is necessary to achieve "best"
performance. In addition, the pattern of eye movements is related to
performance in both clusters of tests if visual stimuli are used. For
example, Blowers and O'Connor (1978) found that with the Rod-and-frame Test,
field-independent subjects, unlike field-dependent subjects, showed
large-magnitude eye movements and high rates of eye movements.

Additional, although indirect, support for the eye-movements component
is found in Baron's (1978) study which investigated the eye movements of 85
children during their television watching. She found that field-independent
subjects oriented to the target words faster, had more fixations on target,
and had longer fixation durations than did field-dependent subjects.

An extension of the research relating eye movements and field
dependence to include eye tracking may prove fruitful. Recently, several
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groups of researchers (e.g., Holzman et al., 1976; Kuechenmeister et al.,
1977) reported impaired eye tracking in various groups of psychotic patients.
Essentially, such studies found that in a simple test of smooth-pursuit eye
movements, a high proportion of psychotic patients showed imparied performance
which was due to velocity arrests. Further investigation (e.g., Holzman
et al., 1976) suggested that velocity arrests were due not to voluntary
processes but to neurophysiological dysfunctions probably located in the brain
stem. However, recent work by Acker and Toone (1978) demonstrated that
impaired aye tracking could be induced in normals by the addition of a
distracting task. They concluded that contrary to previous research which
stressed a neurophysiological deficit, superficial inattention or deficits in
selective attention might account for the schizophrenics' poor performances.
in any event, research in this area is very active and may prove very fruitful
for many areas of psychology.

In addition to eye movements and eye tracking, lateral eye movements as
studied in relation to information processing and hemispheric dominance (e.g.,
Huang and Byrne, 1978) may be of importance in the study of field dependence.
Along the same lines, handedness and other laterality indicators are of
significant interest in relating cortical organization to the field-dependence
dimension (e.g., O'Connor and Shaw, 1978).

The comprehensive examination through multivariate and univariate
techniques of the interrelationships involving eye movements, eyv tracking,
lateral eye movements, laterality, and field-dependence measures in various
populations might yield important information on the role of cortical and
subcortical structures and processes in the field-dependence dimension.

FIELD-DEPENDENCE MEASURES AND INTELLIGENCE

The controversy over the relationship between field dependence and
intelligence is long-standing and unresolved. Findings from studies which
examined the relationship tend to indicate that the relationship between
scores oý performance subtests (Block Design, Object Assembly, Picture
Completion) from both the Wechsler Intelligence Scale for Children and
Wechsler Adult Intelligence Scale and fipld-dependence measures is carried by
the embedded-figures tests and not the adjustment tests. The rotated factor
matrix for Group A reported by Goodenough and Karp (1961) showed that the
Room-adjustment Test and Body-adjuszment Test loaded highly on factors
separate from subtests on the Wechsler Intelligence Scale for Children. In
contrast, the rotated factor matrix for Group B showed that all the
field-dependence tests and the three subtests, Block Design, Object Assembly,
and Picture Completion, loaded on one factor.

Although the focus has been on relating field-dependence measures to
performance subtests from intelligence scales, some researchers identified
relationships between embedded-figures but not adjustment tests and verbal
subtests. Two groups of researchers (Karp and Silberman, 1966; Kiley and
Denmark, 1974) found that with samples ot black subjects, performance on the
children and aJilt forms of the Embedded-figures Test was related ro
PErfcnudl•ce on verbal subtests from Wechsler's intelligence scales. More
recently, O'Leary et al. (1977) found that field dependence as measured by the
group Embedded-figures Test was relate] to several verbal and performance
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subtests on the Wechsler-bellevue Intelligence Scale for both alcoholic and
nonalcoholic groups of males. In contrast to these findings, Vernon (1972)
noted that when irteulligence was held constant the correlation between the two
Rod-and-frame Test scores was only slightly attenuated from 0.63 to 0.53,
while the correlations between these two scores and the Embedded-figures Test
scores were reduced in magnitude by half to nonsignificant levels (0.15, 0.18).

Findings such as these suggest that performance on embedded-figures
tests is highly relcted to performance on both performance and verbal
intelligence tests. On the other hand, performance on adjustment tests such
as tha Rod-and-frame Test is apparently only slightly related to performance
on intelligence tests. The differing relationships between embedded-figures
and adcustment tests indicate that critics who state that field dependence is
higt:1y related to or even the same as intelligence mast qualify their
statement as applying to embedded-figures tests only Isee Fine, 1973, Note 5).

The finding that performance on verbal subtests is related to
performance on embedded-figures tests (O'Leary et al., 1977; Riley and
Denmark, 1974), combined with the finding that sex differences exist in
reported strategies for solving visuospatial tests, suggests a further
component, verbal mediation, underlying performance on embedded-figures and
possibly, too, adjustment tests. It is suggested that greater field
independence as measured by embedded-figures tests may be due, in part, to the
effective use of verbal mediation by subjects in their problem-solving
approach to test items. Loo and Townsend (1977) found that greater field
independence, as measured by the group Embedded-figures Test, was associated
with lower impulsivity, specifically slower decision time. This finding
provided indirect support for a possible verbal mediation component. Verbal
mediation, a time-dependent and reflective behavior, would necessitate low
impulsivity and slow decision times.

FUTURE DIRECTIONS FOR APPLICATIONS OF FD

Methodology
Given the number and variety of components underlying perforu.ance in

the two clusters of tests, embedded-figures and adjustment tests, it is
obvious that the understanding of the high-order construct field dependence
an-! of its relationship to other cognitive, personality, and performance
dimensions requires the execution of coprehensive rather than limited studies
which simply conduct one-way analyses of variance or Pearson correlations. It
is recommended that studies employ samples which adequately cover the range of
possible scores on field-dependence measures, that muiltipe measures and
scores of field dependence be used as within-subject variables, and that
multivariate and multiple regression techniques be considered.

Military ApAlicat ion s
Military applications of the field depencence construct in selection

and training may show their worth in the following major areas.

High technology environments. The revolutionary advances in computer
hardware and software are penetrating all areas of the military and this trend
will continue over the remainder of the century. The potential uses of field
dependence in areas such as computer-based management iniormation systams
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(e.g., Zmud, 1980) and command, control and communication (C 3 ) systems
(e.g., Loo, 1981) have been identified.

Vehicle operation. The visual-spatial and kinesthetic components
associated with field dependence tests and the findings of past research with
vehicle driving (e.g., Loo, 1978a) and pilots (e.g., Cullen et al., 1969)
certainly supports the continued use of field dependence in this area.

Visual-spatial tasks. Aside from the visual-spatial requirements for
vehicle operation as noted above, many military occupations require
performance in complex visual-spatial work environments. For example, field
dependence may be useful where visual (CRT) displays are used extensively
(e.g., radar operators, air traffic controllers, air weapons controllers),
where map reading and/or photo interpretation are essential activities, and
where visual disembedding is critical such as for forward observers in the
artillery and air observers in search and rescue.

Decision making processes. Field dependence, as well as other
cognitive styles, may be useful in the area of decision makin., and decision
analysis. Commanders at all levels are decision makers who must deal with
information/communications activities under varying conditions of ambiguity,
uncertainty, conflict, and ignorance; thus field dependence may be a useful
construct in examining decision making (see Loo, 1981; Witkin & Goodenough,
1977).

Drug abuse. Drug abuse in terms of alcohol, cannibis, and other drugs
is a concern in the military. The field dependence construct has already
shown utility in the study of addictions (e.g., O'Leary et al., 1977) and
future research should add further to the literature.
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TABLE 1

CORRELATES OF FIELD DEPENDENCE-INDEPENDENCE

AREA I GREATER FD I GREATER FI
1 -t

Autonomy in social
situations Low High

*-Motivation orientation Extrinsic Intrinsic

. Sociability High Low

- Impulsivity High Low

* Self-reliance Low High

* Vocational interests Humanitarian-Helping Theoretic (analytic)
& Career choice domains - Artistic domains

. Sex differences Females tend to be more Males tend to be more
FD F1

*Anxiety High Low

.. Self-reported personal In general, FI people tend In contrast, the
attributes to describe themselves and descriptions of F1

I to be described by others people include, among
in such terms as friendly, other characteristics,

I considerate, warm, affec- inconsiderate, rude,
-- tionate, polite, tactful, demanding, ambitious,

accommodating, nonevalua- interested in power,
tive and accepting of opportunistic, and man-
others, like people and are ipulate people as a
liked by others, and make means of achieving

Iothers feel comfortable personal ends
with them

Neurophysiological
Differentiation Low High

*Psychopathology Identity problems, over Delusions, outward
dependence, inadequate aggressiveness,
emotional controls overideation...
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TABLE 2

APPLICATIONS OF FD

Sensation & Perception

Human Operator Performance

Tactical console operators

Forward Observation Performance

Pilot Performance

Vehicle Driver Performance

Performance in Simulators

Map Reading

Commanders in C3 Systems

Psychopathology
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'C-- T & E Rating With Objectively Scored
Applicant Appraisal Questionnaires

Thomas J. Lyons Ph.D
_ Personnel Psychologist

"-iA proceaure based on a content validity strategy has been developed for
constructing Objectively Scored Applicant Appraisal Questionnaires (OSAAQ)
to replace traditional ratings of training and experience (T&E Ratings).
There are both technical and administrative problems with traditional TE
Ratings that depend on examiner judgement to evaluate narrative responses
to open ended questions against general rating guides or benchmarks. An
OSAAQ exam consists of constructed response questions (e.g., multiple choices,
check list) with an objective scoring key for evaluating applicant responses.
This makes OSAAQ items as appropriate for automated processing and scoring
as objective written test items and minimizes administrative costs with large
numbers of applicants. Objective item formats and scoring procedure of
OSAAQ exams also ensure consistent evaluation of applicant qualifications.
General procedures for constructing OSAAQ exams are described with a
discussion of technical and administrative issues related to OSAAQ exam
development projects for several occupations.:
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The model described in this paper is designed to improve the efficiency, job
relatedness and reliability of unassembled exams used to evaluate applicants
for high volume Federal occupations. Unassembled exams refer to a variety
of procedures for rating training and experience (T & E ratings) which
require raters (usually personnel staffing or occupational specialists)
to evaluate narrative information summarized on application and/or
supplemental forms. These procedures are typically used to examine for full
performance and level jobs and entry level professional and technical jobs
requiring specialized training or experience. Although T & E ratings are
usually practical to apply with small numbers of applicants, they become
costly to administer when the volume of applications is high. It is also
difficult to ensure adequate variability and consistency in applicant ratings
for traditional T & E ratings that are applied to high volume occupations.
These concerns have led to the development of a new unassembled examining
methodology for constructing Objectively Scored Applicant Appraisal Question-
naires (OSAAQ) that is practical to use and capable of objectively differen-
tiating among large numbers of applicants on job related factors.

Background

The OSAAQ exam development methodology is used to develop job related question-
naires consisting of items with constructed response formats (e.g. multiple
choice, check list, rating scales) which are used as selection instruments
for high volume jobs where an evaluation of experiences, education and other
job related accomplishments is the appropriate examining strategy. This type
of item format makes it possible to develop an optical scan form for
automated processing and scoring of applicant responses. The cost and
time estimates for processing optical scan forms are very similar to those
required to process wiritten test answer sheets. The use of OSAAQ's makes
it possible to process large numbers of applications in an economical mannea
and provides a standard measriment instrument that assures a high level of
objectivity in the collection and evaluation of job related applicant information.

Most applicant questionnaires with objective scoring keys used in personnel
selection have been based on a criterion related validity model (Van Rijin,
1980). Scoring keys are empirically derived for items which differentiate
the job performance of incumbents. The research literature reports substantial
suppcrt for the validity of questionnaire items from biographical information
blanks and weighted application blanks based on empirically derived scoring
keys (Owens, 1976). However, few of the studies cited in the literature
provide any evidence for the job relatedness (i.e., item content samples
important aspects of the job) of items used. It is not uncommon for background
variables such as occupation/salary of father, place of residence, or age to
be the type nf item: that are predictive of job success in many occupations.
The likelihood of legal challIpnoe, questions of test fairness and problems
with public acceptance makes the use of non job related (from a cuntent validity
frame of reference) questionnaire items unacceptable in public sector selection
programs regardless of their empirical validity. (Pace and Schoenfeldt, 1977).

Traditional T & E ratings are usually based on a content validity strategy
and contain questions and scoring procedures which are closely related to
the job studied. Typically, applicants provide narrative responses to questions
on an application or supplemental form describing thefr experience, education
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and achievements relevent to the job. These narrative responses are reviewed
by raters (preferrably trained subject matter experts) wh'o assign points based
on scoring protocals usually anchored with benchmarks describing several levels
of experience, education and achievements. Requiring applicants to provide
narrative responses to open ended questions and then utilizing rater judgements
to evaluate these responses limits the objectivity of traditional T & E rating
procedures (Levine and Flory, 197b).

"The OSAAQ exam development methodology combines features from biographical
information blanks and traditiona T & E ratings. Item formats consist of
constructed response questions that result in a standard measurement
instrument with an objective scoring key. The content of times is clearly
job related and based on a content validation strategy. The development
of OSAAQ items based on content validity strately requires that specific
procedures be followed to provide evidence for the job relatedness, clarity
and appropriateness of items used to rank applicants for a particular occupation.
Although these procedures usually require more effort than the development of
traditional T & E ratings, they do not require the time and resources of an
empirical validity study. When the volume of avplications is high the "front
end" work required to develop OSSAQ's is more than offset by savings in application
processing and scoring.

Application

The OSSAAQ methodology is based on a content validity approach to exam
development. Therefore, the application of this exam development
methodology is most appropriate for situations where specific experience,
education and accomplishments are typical of qualified applicants and are
clearly related to important aspects of the job. For purely trainee
level jobs where specific experience and education is not typical of
applicants nor related to successful job performance, the OSAAQ methodology
may not provide sufficient evidence to satisfy content validity requirements.

Studies are planned to investigate the feasibility of using OSAAQ's for
entry level trainee jobs based on content validity. It may be possible
to use these procedures on an interim basis pending the development of
additional validity evidence.

Unassembled exams based on OSAAQ methodology are currently being developed
for occupations which typically have large numbers of applicants for
job vacancies. These occupations are also characterized by applicant
populations that have specific experience, education or accomplishments
relevant to important aspects of the work performed. One group of these
occupations is high volume journeymen (full performance) level jobs with
specific experience requirements which have a high degree of similarity
in the work performed by incumbents. An example of this type of occupation
for which an OSAAQ has been developed is Clerk Typist (GS4) positions
(Lyons, 1980). These are full performance level clerical positions
which require applicants to have clerical experience. An occupational
supplement with OSAAQ items was developed to measure applicants clerical
work experience relevant to important aspects of the job. Try out of the
OSAAQ and pilot testing of the exam procedures were completed before implementing
the exam on a n ionwide basis for selecting applicants for Federal clerical
jobs.

A second group of occupations appropriate for the OSAAQ methodology is
high volume entry level professional jobs which have specific education or
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experience requirements. These jobs usually require applicants to have some
minimum amount of academic prepartation in the professional field in addition
to related experience or college education. These basic requirements assure
that applicants have common job related experiences or education relevant to
important aspects of the work in the professional field. This makes if feasible
to develop OSAAQ exams measuring job related experiences, education and accomplish-
ments relevant to the applicant population and important to job success in the
profession.

Exam development projects either completed or underway in this job category
are Nurse, Forester, Biologist and Accountant/Auditor. For each of these
occupations the format of OSAAQ items and the scoring procedures have been
tailored to the grade levels covered (e.g. GS-4/9 for Nurse and GSS/7 for
Forester), subspecialties identified and particular characteristics of the
profession. The basic OSAAQ methodology is appropriate to all jobs in this
category but the resulting item formats and scoring procedures are likely to
vary from one occupation to another depending on the type of experience, education
or accomplishirants sampled and the way in which they contribute to job success.

A third group of occupations for which the OSAAQ methodology is appropriate are
jobs in which applicants are likely to have experience, education, and accomplish-
ments directly related to important aspects of the work but not required of
applicants to be eligible for employment. An example of this type of job is
entry level Computer Specialist. At the entry level there are no specific
experience or education requirements for this job. However, many applicants
have some computer related training or experience. From a techniral point of
view it is appropriate to use a content validity strategy for cre~iting job
related past experience, education, and accomplishments in evaluating appli-
cants for employment. As a practical matter it makes sense to consider higuly
job related experience and education common to many applicants in the exani,,ing
plan for the occupation. For the Computer Specialist occupation OSAAQ itent
have been developed ti obtain information about an applicant's education and
expý:rience for entry level positions. The OSAAQ can be used in conjuction
with a written test of computer aptitude to rank applicants for entry level
computer specialist positions. The combination of an OSAAQ with a written
test results in a multiple assessment strategy which has the potential for
greater validity than a single selection instruments.

Like other procedures based on a content validity strategy the application for
the OSAAQ methodology to entry level trainee jobs is uncertain. It is difficult
to identify past experience, education or accomplishments that can be considered
a relevant sample of most trainee type jobs. Applicants for these jobs frequently
do not have a common set of job related background experience. This limits
the possibility of developing OSAAQ items which are apprepriate ti the applicant
population and that sample relevant aspects of work in the occtpation. At
present OSAAQ development is limited to high volume occupations with applicant
populations which have common background experiences that are directly related
to the occupation studied.

Basic Requirements of the Mcdel

The specific procedural steps for developing OSAAQs are likely to vary depending
on the nature of the occupation studied, the characteristics of the aoplicant
population and the availability of SME's and applicants during item development,
try out and pilot testing. Although no one set of "cookbook" procedures is
appropriate for OSAAQ development, the study design for each OSAAQ development
project should have the following characteristics.
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Behaviorally Based Job Analysis. Since the OSAAQ methodology is based on a
content validity approac, it requires a job analysis procedure that summarizes
the worked performed in behavioral terms. A work behavior/task inventory is
usually the most appropriate way of summarizing the important elements
of a job. However, any procedure for describing the job in terms of
observable behaviors important to job success is appropriate.

Job Related Items. The items developed for each OSAAQ must clearly
relate to important aspects of the job. items usually sample education,
work experience, and other accomplishments which are directly related to
important work behaviors required for success on the job. The closer the
correspondence between the content of OSAAQ items and the work perfnrmed
on the job the greater the support for content validity.

Objective Item Format. One of the main features in the OSAAQ methodology
is the requirement that all items be of the constructed response type (e.g.
multiple choice, check list, rating scale). An objective item format assures
"a standard measurement instrument which requires all applicants to respond
to the same set of questions (see attachment 1 for an example). Open ended
questions found on typical application or supplemental forms are not
appropriate for the OSAAQ methodology because of the lack of standardiza-
tion in the exam instrument and the inherent subjectivity present in scoring
narrative responses.

Item Try Out. items are assembled into an OSAAQ format and administered
to job applicants usually as an experimental form along with the existing
exam. Try Out of OSAAQ items provides information on:

item relevance - the response rate to each item category is tabulated
to determine the relevance of an item for the applicant
population.

"item clarity the type and number of errors made in responding to
items are tabulated to check the adequacy of instruc-
tions and item format.

item variability - frequency count is made of responses to each
item category to determine those items with
adequate variability to differentiate among
applicants.

0 revious experience in developing OSAAQ exams has demonstrated the importance
of this process in selecting appropriate items and developing scoring proce-
dures.

SME Item Ratings. Subject Matter Experts (SME) are used to verify the job
relatedness of OSAAQ items and to rate their value in differentiating
between better and lesser qualified applicants. Scales for evaluating items
are developed and independent ratings are obtained from SME's. These
ratings along with other evidence from the job analysis and background
information are used to establish item values for ranking purposes.

Objective Scoring Keys. Item selection and scoring of response alternatives
are based on independent SME ratings and normative data collected during the
try out with applicants. An objective scoring key is prepared for items
that are consistently judged by SME's as differentiating among applicants on
important job related factors and that have adequate variability based on try
out results with applicants.
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Pilot Studies. When time and resources permit it is desirable to conduct a
pilot study of the OSAAQ exam before full scale implementation. Results of a
pilot study are useful in refining the OSAAQ items and scoring key. The likely
benefit from a pilot study is closely related to the results obtained during
item try out. When significant changes in instructions or item format are
suggested by the try out results further testing is usually required before
implementing an OSAAQ exam.

Placement Follow-up Studies. The content validity approach used to develop
OSAAQ exams is sufficient for documenting job relatedness requirements. However,
past research on unassenmled exam (Johnson, et. al. 1980; Schmidt et. al. 1979)
provides scant evidence for the empirical validity of these procedures. Given
the _zzk of empirical support for T & E ratings it is highly desirable to
conduct placement follow-up studies to determine which item types and scoring
procedures should be used to maximize predictive validity. Results from place-
ment follow-up studies will provide evidence on the predictive validity of
current exams and indicate changes required to improve the validity of OSAAQ
exams. Pilot testing and placement follow-up studies are the only parts of the
OSAAQ exam development process that are not required for establishing job related-
ness based on content validity. However, these two parts of OSAAQ development
should be carried out whenever feasible to improve the quality of the exam and
establish its validity in predicting job success.

General Procedures

Although one set of procedures cannot be prescribed to fit all OSAAQ development
projects, results frcm studies completed or in progress suggest a general
approach for constructing OSSAQ exams which is practical to implement (reasonable
time/resource requirements) and technically sound (job relatedness based on
content validity). The procedural steps described in this section are intended
as a guide to OSAAQ development. Exam development plans prepared for individual
occupations will likely require some modification in the general procedures
to assure JLat the basic requirements of the OSAAQ model have been met.

1. Review of Existing Occupational Information. For many Federal occupation
there are a variety of informational sources about the work performed and about
applicant characteristics important for successful job nrformance. Most of
the information is likely to be found in unpublished repurts, studies, manuals,
or other institutional documents. Some examples are; OPM classification/quali-
fication studies, agency position descriptions, special purpose job analysis
studies, career surveys, certification requirements, training programs and
completed application forms. A literature review of related journal articles
books, and manuscripts is also valuable for identifing relevant published material.
Besides collecting background information for the study, the review process pro-
vides the exam development specialist with occupational knowledge which is
particularly important in planning and conducting a content validity study.

2. Prepare Work Behavior and OSAAQ Items. Background information collected
about the occupation is used to develop a tentative draft of work behavior and
OSAAQ items. Work behavior items consist of simple task statements describing
one aspect of the work performed. The list of work behavior items should
cover all important aspects of the work identified from the background information.
Position descriptions, classification standards and special purpose job analysis
studies are the typical sources of information for developing work behavior
lists. Common sources of background information for developing OSAAQ items
are completed application forms. trainina/Pdtjratinn nprogr.ams and cert:ifi
requirements. These items consist of objective question with constructed
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response alternatives covering specific work experience, education and other
accomplishments directly related to work performed on the job. The content of
OSAAQ items should be as observable and verifiable as possible. The items
should simple experiences that are likely to be common to the majority of
applicanLs. All work behavior and OSAAQ items that appear reasonable based on
the background information reviewed should be listed. At this stage of the
process the items should be exhaustive and in an objective format.

3. Panel Review by Subject Matter Experts (SME). A panel of SME's representing
agencies/organizations with the largest number of selections is assembled to
revise work behavior and OSAAQ items. The panel should consist of first line
supervisors and/or work leaders of incumbents in the occupation studied. SME's
should have a thorough knowledge of the job being studied and have direct
contact with workers in the occupation. Panel members review the work behavior
items for accuracy and completness. They also review OSAAQ items and recommend
changes (revisions/additions) in the item pool. Additional items or revisions
of existing items must be amenable to an objective format, deal with observable/
verifiable job related experiences and be reasonable to expect from applicants.

4. Administer Work Behavior Inventory. Revised work behavior items are assembled
into an inventory and administered to a representative sample of incumbents.
Each work behavior item is rated by the incumbent on time spent and importance
scales, as well as, indicating whether or not the item is performed independently,
with guidance, or as a part of training.

5. SME Ratings of OSAQ Items. An occupational supplemental consisting
of revised OSAAQ items is prepared for review by a representative sample of
SME's. A sample size of approximately 30 first line supervisors and/or work
leaders representing major users is usually adequate depending on the number
of agencies involved and the similarity of positions covered by the occupation.
Independent ratings on the value of each item for differentiating between better
and lesser qualified applicants is obtained from the SME's.

6. Try Out of OSAAQ Items. The OSAAQ items are assembled into a supplemental form
and administered to applicants on an experimental basis along with current
examining procedures. A representative sample of 100 completed forms from the
try out group is usually adequate for each occupation, if placement follow up
stuoies arc not to be carried out with the try out group. When placement
follow up studies are planned for the try out group, all applicants for a
given period of time will be given the form to complete. The duration of time
required is function of the selection ratio and the rate of placements.

7. Finalize OSAAQ and Develop Scoring Key. In selecting items for the
final version of the OSAAQ both try out results and SME ratings are
considered. Data from the try out should provide evidence of item rele-
vance, clarity and variability. The SHE ratings should confirm the job
relatedness of items and provide estimates of the value of each response
category for differentiating among better and lesser qualified applicants.
Once the items have been selected and final revisions made a scoring key
is developed based on SME ratings of item values. The distribution of
scores from the try out group is used to develop a transmutation table for
converting raw scores to final ratings.

8. Conduct Pilot Study (Optional). It may be desirable to apply the procedures
on a snail scale (e.g. two or three area offices) for a limited period of
time to test out the operational characteristics of the exam before nation-
wide implementation. This step can be valuable for checking revisions based
on the try out results and for determining the effects of the scoring key and
transmutation tables on the variability of applicant's ratings. Unforseen

757



administrative and operational problems can also be detected and appropriate
changes made to correct thom. Pilot testing is not an esseitial procedural
step partic'ilarly whet' try out data and SME ratings result in little or no
revision in OSAAQ items and when the scoring key produces reasonable vari-
ability in applicant ratings.

9. Placement Follow-up Studies. Documentation of exam development procedures
based on the OSAAQ model provides adequate evidence for job relatedness based
on content validity. However, further information needs to be collected to
determine if OSAAQ items with a scoring key developed by these procedures
is predictive of job success. Depending on the size of the try out sample
and selection ratio it may be possible to collect placement follow-up data
from the try out group. Since OSAAQ items are administered on an experi-
mental basis to the try out sample there is less likelyhood of a restriction
in range than with placement follow-up studies using operational examining
instruments. When it is not practical (sample size and selection ratio
are small) to conduct follow-up studies on the try out group, the studies
can be conducted on applicants selected for jobs after the OSAAQ exam is
impleneated. Supervisory rating scales developed for each occupation
studied are a practical method for collecting job performance data on
applicant and ensure a standard criterion measure across organizational
units studied.

The procedures described in this paper provide the basis for developing
OSASQ exams. The procedures are practical to implement and have adapted
well to current exam development efforts. However, the procedures are
still developing and it is expected that improvements will be made in
applying the OSAAQ model to exam development projects for other occupations.

S ummary

The OSAAQ model provides a methodology for developing unassembled exams
with objective item formats and scoring procedures. This makes it possi-
ble to utilize automated application processing and scoring capabilities
to minimize the time spent by staffing personnel in routine application
rating and register maintenance activities. Objective questionnaire
formats and scoring keys also assures that applicant responses are con-
sistently evaluated. Thus eliminating unreliability associated with the
narrative response styles of applicants and with the judgements of examiners
that is typical with traditional unassembled exams.

There are two limitations to the application of OSAAQ methodology for exam
development. The first is a practical concern. Due to the "front end" work
required to develop, try out, program and implement automated OSAAQ exams the
occupation selected should not be expected to have a small volume of applications
and selections. The second concern is a technical issue. Because the ex,'m
is based on a content validity strategy OSAAO items must be based on job related
accomplishments that are comnon to the life experience of the typical
applicant. This means that for purely trainer jobs where there are no
objective job related life experiences typical of applicant the OSAAQ
methodology will usually be insufficient for documenting validity.
Empirical validity studies are usually required to demonstrate the validity
of cxam procedures for trainee jobs.

The OSAAQ methodology provides a practical -may of developing job related
obiective Measurevent instruments for situations vwere unasseibled exams are
appropriate. However, placement follow up studies are needed to evaluate
the validity of item types and scoring procedures in predicting successful
job performance.

! l l l lI I I I I I I I l l li795



REFERENCE

Johnson, J.C., Guffrey, W.L., & Perry, R.A. When is a T & E Rating Valid?
Paper presented at the annual meeting of the IPMA Assessment Council, Boston,
June 1980

Levine, E.L., & Flory A. Evaluation of job applications: A Conceptual framework.
Public Personnel Management, November-December, 378-385, 1975

Lyons, T.J. Self Report Questionnaire for Selecting Typists: A Content Validity
Aproach. Paper presented at the annual meeting of the IPMA Assessment CounciT
Boston, 1980

Owens, W.A. Background Data. In Dunnette, M.D. (Ed.) Handbook of Industrial and
Organizational Psychology. Chicago: Rand McNalley, 1976

Pace, L.A., & Schoenfeldt, L.F. Legal concerns in the use of Weighted applications.
Personnel Psychology, 30, 159-166, 1977

Schmidt, F.L., Caplan, J.R., Bemis, S.E., Decruir. R. Dunn, L., & Antone, L. The
Behavioral Consistency Method of Unassembled Examining (Technical Memorandum 7§7i)
Washington, D. : U.S. Office of Personnel Management, Personnel Research and Develop-
ment Center, November 1979.

Van Rijin, P. Biographical Questionnaires and Scored Application Blank in Personnel
Selkction. Washington, D.C.: U.S. Office of Personnel Management, Personnel Research
and Development Center, December 1980

759



Attachment1

- Z E C

aa,
Rz-

.4-

0 a o, 
LL 

.

4- C

MCc -QC

w, ;

W.l2 0) oz f w.

oý Q0-0 .- 0

.0 oo0r W c

C' ax: z ow

w -E .0 0 X

w 0 0 0 .ilV 'r 3tV

0, -a .< - -j

lQ Z{ 75 C ~ z' zr L;
od -uj C -

00 --

75c inW -, -;- .- 0

'aa cOE 0
c w c 7- W 0 -l O -d

-'~: E.= cLU W 74U~Q C 9
C L U MD 1- j

zc -.U.r
0 

M

cr, z C)wtLIP,,
0J > '

El -

M ''o ~ 0

C v, MSr

7WM L)o, . i ,



S~7

00;

"AN ATrEDPT TO VALIDATE A SHORT JOB EVALUATION QUESTIONNAIRE

r• •Walter Mann*

C Office of Personnel Research and Development
U. S. Office of Personnel Managment

(I) Washington, D. C. 20415

A job analysis undertaken for the Personnel Office of the U. S. Virgin
Islands (V.I.) used questionnaire data provided by clerical and administrative
personnel to accomplish several objectives. One objective was to develop
a quantitative procedure for assigning grades to classes of positions by
means of a 15-item job evaluation questionnaire. A factor analysis of the
15 job evaluation scales resulted in three interpretable factors: Autonomy,
Complexity, and Environmental Demands. Factor scores for the first two of
these factors were effective predictors of grade (R = .65). This correlation
is fairly high considering the degree of error variance in the grades of
individual positions. The use of more reliable class data, as would be
the case in practice, should produce a higher coi--ation. 7b test this
hypothesis, predictor scores for positions from the preceding analysis were
grouped by grade; median predictor scores correlated .92 with actual grade.
Despite the promising results, additional research is needed to validate
the questionnaire.

bThe statement expressed in this paper are those of the author and do not
necessarily reflect official policies or opinions. Dr. Patrick McAuley
participated in the developnent of the Job Analysis Questionnaire.
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BACKGRIUND

In the mid 1970's the U.S. Virgin Islands (V.I.) requested assistance
from the U.S. Civil Service Commission (CSC) to upgrade their Personnel
Office. The author was sent there on a one-year mobility assignment and
initiated a variety of projects. one of these projects resulted in a multi-
purpse job analysis of clerical and administrative positions. The intention
was to provide V.I. management with a data base suitable for making selection,
classification, and job evaluation decisions. A recently published report
of that project (Mann, 1980) is oriented towards selection. The present
paper will focus on job evaluation. The present paper will also describe
the acccmodations that had to be made because the job evaluation study
was done within the context of a selection-oriented job analysis.

The V.I. study used the job evaluation factors and their definitions that
had been developed for Federal, white-collar non-supervisory jobs fron GS-1
through GS-15 (Anderson & Corts, 1973). These job evaluation factors and
their definitions were based on a review of the literature and actual practice.
They wire reviewed by employee unions and professional organizations. A
breakout of job factors into subfactors and definitions of degree levels
for both was carried out by CSC. The five factors, with subfactors in
parentheses, were: Knowledge Required by the Job, Responsibility (Supervisory
Controls; Guidelines), Difficulty (Complexity; Scope and Effect), Personal
Relationships (Personal Contact; Purpose), and Environmental Demands
(Physical Requirements; Work Environment).

The Anderson and Corts questionnaire has one scale for each subfactor.
A number of their scale points have definitions that appear to include multiple
elements. In the present study only one element per scale was used, tta•reby
making it easier for an untrained rater to camprehend and also providing
a check on the internal consistency of each subfactor. Another change from
the Anderson and Corts questionnaire was the deletion of content inappropriate
to clerical and administrative personnel; e.g., Personal Contacts was dropped
because it was judged to cover essentially the same domain as Purpose of
Personal Contacts.
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_The Questionnaire

The Job Analysis Questionnaire (JAQ) was developed specifically for
this study. It contains 24 pages divided into five major parts: background
information (15 items), knowledges (31), skills and abilities (104), job
evaluations scales (15), and activities (99). The original form of the
JAQ was reviewed by two personnel psychologists to determine its appro-
priateness in terms of comprehensiveness of coverage and understandability
by subjects. It was pretested in two agencies: the Department of Health
--and the Personnel Office. As part of the pretest, stbjects were instructed
to suggest additional items. On the basis of the pretest the JAQ underwent
extensive revision, especially with regard to instructions.

The JAQ is in Appendix A of Mann (1980). Only the parts pertinent
to this report will be described here. 7h-! background section contains
questions used to identify the sample or interpret the results, e.g., agency,
length of experience, level of education, year of birth, sex, and class title.
The 15 job evaluation scales were designed to measure 8 subfactors: Supervisory
Controls (3 scales), Complexity (3), Guidelines (2), Scopes and Effect (2),
Knowledge and Skill Pequired by the Job (2), Physical Requirements (1), Work
Environment (1), and Purpose of Personal Contacts (1). Each scale had
from three to five statements. Incumbents checked the one statement
in each scale that best described their respective positions.

Procedure

The heads of all V.I. government agencies were sent letters requesting
their participation in the study and asking them to name a project
coordinator. Coordinators were asked to determine the number of full-time
clerical and alministrative personnel, GS-1 through CG%-24, in their agencies.
Sufficient JAQs were printed and delivered to each coordinator, along with
instructions for administering. If so desired the JAQ could be ccmpleted
anonymously.

"The popluation was limited to full-time clerical and administrative
employees in General Schedule grades 1 through 24 who had been in their
jobs more than three months, and who worked in one of the 11 agencies that
participated in the study. GS-24 was selected as the top grade because
beyond this, to the limit of GS-30, are higher level professionals and
managers. The General Schedule was chosen because it excluded those not
of interest in the present study, such as blue-collar workers, police
officers, firefighters, nurses, doctors, and teachers.

The sample consisted of 160 clerical and administrative employees in
78 classes. The individuals in the sample had been with the governrment
anywhere from 3 months to 31 years (mean = 8 1/2 years), ranged
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from 18 to 60 years of age (mean = 36), had been in class from 3 months
to 20 years (median = 4 years), ranged fran GS-l to 24 (median = 15), and
had supervisors who ranged from GS-15 to 30 (median = 24). In this sample
77% were female, 96% had a high school diplcma, and 13% had completed at
least four years of college. In addition, 22% of the incumbents considered
themselves journeymen, 8% master craftsmen, 18% lead workers, and 25%
superviors.

Accurate population data were not available. Therefore, a compari-
son of sample and population data was not possible. The sample did not
appear to be unrepresentative of clerical and administrative personnel
in VI.

RESULTS AND DISCUSSICN

Job Evaluation Dimensions

An attempt was made to reduce the 15 job evaluation to a few meaningful
factors. Anderson and Corts (1973) hypothesized five such factors-Kncwledge
Required by the Job, Responsibility, Difficulty, Personal Relationships,
and Enviroin±ental Demands-but no data to either confirm or deny. %bile
the present study does not support the hypothesis of five independent
dimensions, it does suggest a reasonable alternative.

The scores on the 15 job evaluation scales were intercorrelated (see
Table 1). Fram this intercorrelation matrix, three principal component
factors were extracted and rotated orthogonally. These three factors
accounted for 55% of the cammon variance. The first factor, accounting
for 27% of the common variance, had nine scales that loaded .5 or higher:
Supervisory Controls (3), Guidelines (2), Scope and Effect (2), Purpose
of Personal Contacts, and Knowledge Required by the Job (see Table 2).
This factor was called Autonomy. On this first factor collasped the
following Anderson and Corts factors: Responsibility, Kncrnledge
Required by the Job, Personal Contacts, and half (Scope and Effect
subfactor) of the Difficulty factor.
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TABLE 2

Factor Loadings of 15 Job Evaluation Scales (N = 160)

Job Evaluation Scale Factor Loading
I II III

Supervisory Controls 1 69
"2 78
"" 3 58

Guidelines 1 62
"2 69

Scores and Effect 1 55 49
" 2 51 33

Personal Contacts 50 32
Knowledge Required by the Job 59 30
Skill Required by the Job 43 -57
Complexity 1 47 60

2 85
3 30 80

Physical Requirements 81
Work Environment 65

Note: Loalings less than .30 deleted. Decimals points deleted.
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The second factor accounted for 16% of the common variance. Having
only the Complexity scales loading .6 or higher, it was called Ca plexity.
In the Anderson and Corts hypothetical framework, OCmplexity is only a
subfactor, one half of the Difficulty factor.

The third factor accounted for 12% of the common variance. It had
three scales loading .5 or higher: Physical Requirements, Work Divirorment,
and Skill Required by the Job (negative loading). The first twc scales
comprise the Anderson and corts factor called Environmental Demands, and
therefore was given that name. The Skill Required by the Job scale was
part of the Anderson and Corts Knowledge Required by the Job factor, but
had to be removed from that factor because for clerical and administrative
personnel the two differ.

prediction of Grade

Step-wise multiple regression was used to estimate the extent that
grade could be predicted fram the data at hand. Factor scores for the three
job evaluation factors were computed from the factor loadings and standardized
scores of the 15 scales. only the first two sets of factor scores were
accepted by the step-wise multiple regression. The first set of job
evaluation factor scores (Autonamy) correlated .55 with grade; the second
(Complexity), .36. Together they correlated .65 with grade (significant at
the .001 level).

Mann (1980) found considerable error variance in the grades of individual
V. I. positions; based on an analysis of time spent on work activities, 31%
of the positions were found to be misclassified. A mre reliable measure of
grade would theoretically correlate higher with the job evaluation factor
scores than .65. 1Tb test this hypothesis, predictor scores for Eositions
were grouped by grade; median predictor scores correlated .92 with acual
grade.
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REcF/•W•E ATIONS

EMspite the prcxdsirq results, the Job evaluation questionnaire cannot be
recommended for operational use until additional research has been completed.
The present study was limited by a small sample size. For those interested in
using the questionnaire the following recammendations are made:

(1) Consider the use of supervisors as subjects; they would have been
used in the present study if it had been possible.

(2) Scale the 15 items in terms of the organization in which they are to be
operationally used. Edit as appropriate.

(3) Eon't apply the questionnaire to supervisory positions unless one or
more scales on supervising others are developed.

(4) Perform the factor and regression analyses with a fairly large sample;
1000 would not be too many.

REFERENCES
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RESIJCDU ADVERSE IMPACr VIA A MEASURE OF
APPLICANT DISADVAN7A1WfES

Walter G. Mann*
Persoanel Research and Development Center

U.S. Office of Personnel Managemnt
Washington, D.C. 20415

SL~tiWY

& Recent attempts to reduce the adverse inpact of examinations have
focused on alternatives to written tests. The present report, on the
"other hand, demonstrates how the adverse inpact of written tests can be
reduced by correcting for the degree to which a job applicant had been
educationally and/or economically disadvantaged or deprived.

A measure of disadvantagedness containing nine items was internally
and externally validated with 11,931 applicants for a naticnwide, examina-
tion. Internal validation was demcnstrated by a factor analysis that
yielded two factors. External validation was based on the relationships
of scores on the two factors with other variables: minority status, test
performrince, and educational level; each assumed relationship was ccnfirmed.

A composite measure of the two factor scores, called D, had a point
biserial correlation of -. 31 with passing the test and .54 with minority
status. The adverse impact of the test was substantially reduced by par-
tialling D out of test performance. It was also demonstrated that par-
tialling D out of test performance would not necessarily reduce the validity
of the test, and couid actually improve it. Y

INTROI/rICN

It has proven difficult to design valid selection procedures that have no
adverse impact. Some employers believe the solution is to avoid the use
of written tests. This approach, however, will fail to the extent that the
alternative selection device has adverse impact, lacks validity, or is not
cost effective.

The approach adopted En the present paper is not to eliminate the entire
test-but to statistically partial out that part of it that is undesirable.
If whites as a group do better on a test because they have had more advantages
than minorities, then it is a simple matter to reduce the adverse impact of
the test by statistically controlling for disadvantagedness. A measure of
disadvantagedness is, of course, needed to make this cDrrection.

*The statenents expressed in this papers are those of the author- and do
:nc+t n-ecessarily reflect official policies or opinions. Assisting at various
stages of the project were John Kraft, Lois Northrop, Henrietta McClure,
Anthony Mento, and Robert I-Kenzie.
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The present paper addresses such question as:

- Can a measure of disadvantagedness be developed that is appro-
priate for applicants for a particular examination? Such appli-
cants would, of course, be more hcmogeneous than the population at
large.

- Can the adverse impact of a specific written test be reduced
when the educational and ecanuic disadvantagedness of
applicants is partialled out?

- Must a test that does not handicap disadvantaged applicants be
less valid than its conventional counterpart?

SAssuptins

it was assumed (e.g., Bachman, 1972; Tyler, 1965) that disadvantaged-
ness while one is growing up is related to the following:

- father's education and job (negative relationship);
- rather's education and job (negative relationship);
- lack of familiarity with the English language;
- type of camunity or* grew up in (e.g., fewer advantages

in the big city than in the suburbs);
- ethnic group (minorities more disadvantaged than whites--but

intragrcup differences);
- test performance as an adult (negative relationship);
- highest level of education (negative relationship).

Procedure

Three self-administering questicnnaires--CSC Form 1289-A (Temp),
CSC Form 1310 (Temp), and CSC Fbrm 1203-4--were given to all applicants
nationwide who took a specific written test during 1978. Coipleted
forms were optically scanned and the data recorded on crrputer tape.
The author was assigned to the project after all the data had been
collected.

CSC Form 1289-A (Temp) has seven questions- name, date, social se-
curity number, examining office code, race, sex, and ethnicity.
Non-Hispanic whites wert the majority group; all other ethnic groups were
ccirined to form the minority group.

CSC Form 1310 (Temp) has 16 questions: name, date, year of birth,
social security number, examining office code, type of matheratics
courses taken, questions albat conditions while they were growing up
(type of ccnmunity, whether English was the primary language spoken
in home or school, and the perception of economic and educational advantage
in the hone), the most important occupation and the highest level of
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education of parents (or guardians), whether they or members of their family
are currently employed by the Federal governrent, and whether they claim
veteran preference.

CSC Form 1203-N has 10 questions: name, date, social security
number, data available to start work, occupational specialty (applicants
for another job took the same written test), regional preference, Spanish
language ability, educational level, length of qualifying experience, and
previous experience.

All the data generated by the first two forms were available to this
investigator, with the exception of type of math acurses taken. Data
fron the last form were available only for those applicants who passed
the written test.

SThe written test consists of 65 item of the following types: 30
vocabulary, 15 English usage, 10 judgment, and 10 logical order of events.
An applicant's score is the number of right answers; 35 is passing. Scores
between 35 and 65 are transmuted on a point-by-point basis to ratings.

Sanple

Data were obtained fran 11,931 applicants. It was impossible to
determine what percent this was of the total number of applicants; i.e.,
it was inpossible to determine the return rate. However, Northrcp (Note
i) found a 98% return rate for another naticnwide examination.

The mean year of birth was 1951.8 (S.D. = 4.2). Females accounted
for 9.2% of the sample. Included in the sample were 6821 whites, 3699
Hispanics, and 963 blacks.

Scaling the Items Used to Measure Disadvantaedness

The nine items used to measure disadvantagedness are from CSC Form 1310
(Temp) Nov. 1977. Although this form was developed by personnel psychologists
with the intention of measuring socio-eanzxnic level, the items appear to be
compatible with the measurement of disadvantagedness- it was only necessary
to score them in the opposite direction fron that originally intended. In
fact, twv of the items (concerning perceptions of econoic and educational
advantage) appear to be more closely related to disadvantagedness than
to socio-eccnanic level.

Scale values for these items were computed on half the sample (S).
Each alternative was given a value from 0 to 13 (least to greatest disadvan-
tagedness, based on the judgment of the researcher).
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A simple suyn score (called initial D) of the nine items was computed for
each individual in Sl. The mean initial D for all individuals who
answered an item in any particular way was computed. For example, the
mean initial D of all those applicants who indicated they grew up on a
farm was aooputed; likewise, the mean initial D for those wio grew up in
a small town; etc. For each item, the alternative with the lowest mean
initial D was arbitrarily set to 0; and the alternative with the largest
mean initial D, 20. Alternatives with intermediate initial D's were
assigned whole numbers between 0 and 20 depending on their relative
distances between the high and lcw points.

VALIDATICN OF THE MEASURE OF DISADVANTAINESS

Internal Validation of Disadvantagedness Item

Factor analysis was applied to the seond half of the sample (W2) to
develop evidence concerning the internal validity of the nine disadvantaged-
ness items. Response to the items were assigned the scale values generated
on SI. An iterative factor analysis of the interaorrelations between the
items produced two sigri'ficant roots. The program iterated until the number
of significant roots was decided and the diagonal estimates stabilized.
Varimax rotation was used to simplify the factor structure. The first
factor accounted for 29% of the variance; the second factor, 11%.

Seven of the nine items, the highest of which were nather's education
(.77) and father's education (.76), loaded at least .42 on the first

factor (see Table i). This factor was named General Disadvantagedness.
Type of conmunity (.98) was the cnly item that loaded higher than .08 on
the secxnd factor. This factor was named Cbmcunity Disadvantagedness.

TABLE 1

Loadings of 'Io Factor Extracted from Intercorrelatiions
Between Pairs of Disadvantagedness Items (N = 5965)

Factor
Questionnaire Item I II

mother's Education .77 .06
Father's Education .76 .08
Father's Job .69 .06
Spoken Language .52 .08
Educational Advantage .51 .05
Mother's Job .51 .00
Fconanic Advantage .42 .06
School Language .16 .03
yve of Cxnrimnity . !0 .98



External Validation

An external check on whether a factor is measuring disadvantgness
is to determine its relationship with other variables. Factor scores based
on standardized scores and factor loadings were correlated with test perform-
ance, minority status, level of education, sex and year of birth. From the
correlations in Table 2, it is clear that high Factor I scores were associated
with low test perfornance, being a merrber of a minority group, low educational
level, and being old.

TABLE 2

Correlaticns of TWv Disadvantagedbess Factor Scores
With Selected Dichotomized Variables

Selected Factor
variable I- II N

Test Performance -. 3Q* -. 09* 5965
(pass = 1, fail =0)

Minority Status .52* .12f 5877
(minority = I, white = 0)

Educational Level -. i* -. 05* 2965

Sex (male = 1, female = 2) .00 .00 5900

Year of Birth -. 15* -. 05* 5948

*1? < .01

Factor II scores had the same correlational profile as Factor I scores,
the only difference being the magnitude of the correlations. Both factors
therefore exhibited the correlaticnal profile that had been assumed to exist
for disadvantagedness. The two sets of factor scores correlated -. 022.
Neither set of factor scores had a sex bias; however, both demonstrated a
bias towards younger applicants. An overall measure of disadvantagedness,
based on the two sets of factor scores was effected by a cxnventianal multiple
regression paradigm utilizing minority status as the dependent variable; the
weights came from Si. The ccmbination of the two factor scores will be
referred to as D. D correlated -. 31 with test performance and .54 with
minority status.
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AJJERSE IMPACT AND VALIDITY OF THE WRI•1fl TEST

Use of D to Reduce Adverse Impact

The correlation of test performance with minority status an easily
ormputed, albeit crude, index of the adverse impact of a test. The four-
fold point correlation between test performance (pass/fail) and minority
status (minority/majority) was -. 419 (signiticant at the .01 level).

D was partialled out of the test scores, producing in effect D-less
test scores. The adverse impact of these D-less test scores was estimated
by correlating them with minority status (rp = -. 335). Thus, controlling
for D reduced the adverse impact of passing the test substantially--but
hardly ocupletely.

Neither the conventional test nor the D-less test demostrated a signifi-
cant sex bias. In fact, the correlation of test performance with sex was
virtually zero.

Estimated Validity of D-Less Test Scores

Although the criterion-related validity of D-less test scores has not
yet been determined, estimates of it can be generated based on assumptions
about correlations of a criterion measure with (1) the conventional test and
(2) D. It was assumed that the criterion correlation for the conventional
test was between .2 and .4, and for D between .0 and -. 2. Partialling D out
of the conventional test scores and correlating the result with the criterion,
produces the validity coefficients in Table 3. As the validity of tie conven-
tional tcirst increases, so does the validity of the D-less test. In no case
does the D-less test lose all its validity, not even when the conventional
test validity is .20 and D correlates -. 20 with the criterion. When D corre-
lates .00 with the criterion, the validity of the D-less test actually exceeds
the validity of the conventional test.
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TABLE 3

Validity Coefficients of D-Less Test as a Function of

Conventional Test Validity and Correlation of D with the Criterion

Possible Validity of Conventional Test

Possible Correlation .20 .30 .40
of D with Criterion

.00 .22 .33 .45

-. 10 .19 .30 .41

-. 20 .15 .26 .35

Note. Validity Coefficients are product moment correlations.

DISCUSSION AMD CCNCLUSICNS

The measurement of disadvantagedness in the present study was based
on nine items. Although these items appeared to be effective indicators of
disadvantagedness, they have limitations from a psychological point of
view in that they are global or outputs, rather than processes or behaviors.
For example, the type of community one grew up in is a very crude overall
indicator of the presence of: libraries, museums, role models, reinforcement
of intellectual behavior, and positive peer attitudes toward education.
A better measure of disadvantagedness would rely c'n specific, psychologically
rich indicators.

Because of the limitations of the items used to measure D and because
of the limited sarple (applicants for a single examination during 1978),
generalization to other situations is dangerous. Future studies of other
classes could provide the type of information needed to derive generalizations
about the measurement of disadvantagedness and its relationship with constructs
in the occupational setting.

The measure of D was based on research items. Before a measure of D
could be used operationally, the itens would have to be reprinted as part of
the examination. The possibility that this could affect the candor of the
applicants should be studied.

If D has low or negative validity the D-less test will have approximately
the same validity as the conventional test.
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,C,(Mathews, John J. & Roach, Bennie, W., Air Force Human Resources Labo-

ratory, Brooks Air Force Base, Texas. (Withdrawn)

I ' Development: and Norming of Reading Tests for Air Force Use

'0\

3 - This paper reviews development and norming of reading tests tar-
a geted at Air Force personnel. A number of different reading tests are

in current Air Force use. These vary in intended target population
from grades 4-6 (Gates-MacGinitie) to high school through college

0(Nelson-Denny). Such divergent level tests have yielded different
"normative scores for the same individuals (Mathews, Valentine, and

Sellman, 1978). The purpose of reading tests developed by AFHRL is to
provide standard tests targeted at and normed on Air Force personnel.

Also, costs for test materials should be substantially less. Two

equivalent Air Force Reading Abilities Test (AFRAT 2a and 2b) Forms
have been developed for remedial reading programs. A broader level

test (AFRAT 1) was used to obtain normative and validity data on
reading items for 5,000 enlistees. Data reported include item and

test statistics, relationships and test and demographic variables, and

calibration with other reading tests./\
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DEVELOPMENT AND CALIBRATION OF ENLISTMENT SCREENING

TEST (EST) FORMS 81a AND 81b

John J. Mathews and Dr. Malcolm James Ree
Air Force Human Resources Laboratory

I. INTRODUCTION

The Enlistment Screening Test (EST) was developed to reduce

enlistment processing costs for transportation and boarding. By
administering this test at local recruiting stations, those applicants

who would most likely meet service mental qualification standards

could be identified and sent to centralized testing stations.

Previous EST Forms 5 and 6 (Jensen & Valentine, 1976) were

designed to predict Air Force qualification on the Armed Forces

Qualification Test (AFQT) portion of the Armed Services Vocational

Aptitude Battery (ASVAB). These ESTs became obsolete with the

implementation of ASVAB Forms 8, 9, and 10 which do not have Space
Perception items as did prior forms.

The objective of this study was to develop and norm two parallel

EST forms for use by military recruiters in predicting applicant

success on ASVAB 8, 9, and 10 selection composites. The new ESTs were

designed in accordance with specifications which would make them

appropriate for use by all armed services.

II. METHOD

Subjects

Service applicants were sequentially administered one of three

experimental test booklets during March and April 1981 at

geographically dispersed samples of recruiting stations representing

each service. A total of 1,882 subjects had sufficient data forwarded

in time to be included in the various analyses. The following

subsamples were formed for specific analyses:

Sample 1. Subjects given booklet AX (N = 527) and for whom

answer sheets were received by 24 April 1981.

Sample 2. Subjects given booklet BY (N = 486) and for whom

answer sheets were received by 24 April 1981.

Sample 3. Subjects given booklet CZ (N = 457) and for whom

answer sheets were received by 24 April 1981.
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"Sample 4. Subjects given booklet BY (N = 898) and for whom
answer sheets were received by 14 May 1981. Sample 2 is a subset of
Sample 4.

Instruments

In order to develop two parallel forms of an EST, each of which
would require no more than 45 minutes to administer, three
experimental booklets (AX, BY, and CZ) containing 60 items each and
requiring 1 hour of administration time were assembled. Eight items
were common to all booklets as a check on the comparability of samples
given the different booklets. Each booklet contains 28 Word Knowledge
(WK), 22 Arithmetic Reasoning (AR), and 10 Paragraph Comprehension
(PC) items. These items were selected based on available data which
indicated that they would discriminate best in the range of the 5th to
55th percentile for samples stratified on AFQT scores. The goal for
EST items was to have about 40% with maximum discrimination around the
15th percentile, 40% with maximum discrimination around the 30th
percentile, and 20% with maximum discrimination around the 45th
percentile in the AFQT target population. This distribution maximized
measurement at ability levels where most selection decisions are
made. Items from the three experimental booklets were selected for
two operational forms, each containing 40 to 50 items.

Data Editing

The following steps were taken to insure that only valid data were
included in analyses:

1. Cases with no social security account number nor name were
deleted.

2. Correct designation of booklet form was checked by scoring
the test separately using the answer key for all three booklets. If
an appreciably higher score would have been obtained based on the key
for another form, then the booklet designation was changed. If the
highest form score was below 8 (out of 60), indicating that the
examinee was not trying on the test, the case was deleted.

3. Cases with no AFQT scores were deleted from all analyses
except preliminary item analyses.

4. Cases with a standard error of estimate greater than
÷ 3.5 points from the predicted AFQT based on EST scores were deleted.

Less than 2% of the cases were eliminated from all analyses based on
these editing procedures.
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Data Analysis

Item statistics were generated to aid item selection for
operational forms. Descriptive statistics including correlations and
bivariate frequency distributions of EST with ASVAB selection
composites were computed. The EST was calibrated to AFQT through
equipercentile equating.

III. RESULTS AND DISCUSSION

Analyses on Stratified Samples

Samples 1 through 3 were rectilinearly stratified on AFQT
percentile by random duplication of subjects so that an equal portion
(10%) of the sample was represented in each AFQT decile. This
procedure equated the samples on ability. Classical it2m analysis,
including item difficulty and discrimination with AFQT as an external
criterion, was then accomplished for each experimental forti.

Items were selected to yield two parallel EST forms. All the

items for one operational form (EST 81a) were chosen from the booklet
(BY) which contained the greatest number of items in the appropriate
difficulty and discrimination ranges. This procedure subsequently

allowed direct generation of EST total score frequency distribution
and bivariate statistics involving EST 81a and AFQT, since subjects in
sample 4 were given all items which would be in that operational EST
form.

Considerations in selecting items for the two forms included:

1. A significant positive correlation with AFQT.

2. Maximum discrimination in the desired ability range (5th
to 55th percentile)

3. Content similar to AFQT (proportion of Verbal and
Arithmetic Reasoning items).

4. Necessity of having the two forms parallel.

Two EST forms of 48 items each which met the desired
specifications were constructed. A comparison of the content of these
forms, designated EST 81a and 81b, and AFQT is given in Table 1.
Because of administration difficulties, it was decided to exclude the
speeded Numerical Operations (NO) item types from the EST. After

deleting NO, AR items equally comprise 37.5% of AFQT and EST content.
There are relatively more WK and fewer PC items in EST than in AFQT.
However, these two verbal item types are highly intercorrelated.
Because WK items require less time to complete, an abundance of these
items saves testing time.
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Difficulty (p) levels of the two forms based on stratified samples
are indicated in Table 2. Item E's range from .57 to .89. Mean p's
for the ESTs are virtually identical (.744 and .742), and the
distributions are similar.

Biserial correlations (validity estimates) of items with AFQT
percentiles ranged from .29 to .63, with about 75% between .45 and .59
(see Table 3).

Again, the forms appear quite comparable, with similar biserial r
means (.476 and .496) and distributions. An internal consistency
reliability (KR-20) of .93 was obtained for EST 81a. Since no
subjects were administered all items in EST 81b, test statistics,
including reliability, were not computed for this form.

Item Response Theory (IRT) item analytic indexes (Lord & Novick,
1968) were also computed for EST 81a based on the Birnbaum (1968)
three-parameter logistic model. 1he three indexes are: a (item
discrimination), b (item difficulty in Z metric), and c (probability
of guessing) (see Ree, 1979, for a detailed description of these item
parameters). Two types of analyses were completed. The first was
based on EST score as an internal criterion, and the second was based

on AFQT percentiles transformed into Z scores for the sample. Table 4
presents the mean a, b, and c values ror these analyses on EST 81a.

As would be expected, the mean a (C was somewhat higher in the
internal compared to external criterion analysis, although both i's
were relatively high (1.3 and 1.1, respectively). Both b's were -. 62,
corresponding to a mean percentile of 27. The mean of the desired
(targeted) distribution of b would be about -. 67. The E was .20
based on the internal analysis. The classical probability of guessing

for a four-choice item is .25. TheT based on AFQT ability estimates
was somewhat higher, .32.

Table 5 gives the mean and standard deviation (SD) of EST 81a
based on sample 2 stratified on AFQT. Summary statistics for EST 81b
would be quite comparable, since the available data indicate it is

indeed parallel to EST 8la.

Intercorrelations are also shown in Table 5. The Pearson
product-monent correlation (r) of EST 81a with AFQT percentile is

.83. This indicates that about 69% of che varicnce in AFQT scores can
be predicted from EST scores. The two EST subscales correlate with
EST total to about the same degree as the like-named ASVAB composites
correlate with AFQT. The r's or the Verbal (VE) and ATithraetic

Reasoning (AR) scales with EST total are .95 and .88, respectively.

The corresponding r's of ASVAB 8, 9, and 30 VE and AR with ASVAB 8, 9,
and 10 AFQT are .93 and .8"4, respectively (Ree, Mathews, Mullins, &

Massey, 1981).
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Distributional Statistics

An equipercentile calibration was accomplished for the purpose of
converting EST scores to equivalent AFQT percentiles. Table 6 gives
the computed percentiles for sample 4 (N = 869) on EST 81a and AFQT
and the AFQT percentile (from ASVAB conversion tables) which is
equivalent to the computed percentile for each EST score.

The EST score distribution is negatively skewed, indicating
potential for good discrimination at lower ability levels, which was
one of the test construction goals. The median EST score is 40 (out
of 48 points) and this is equivalent to an AFQT percentile score of 50.

The percentages of subjects within various AFQT score categories
is shown for EST scores (grouped in intervals to increase Ns) in
Table 7. The AFQT categories represent various service cutoff- score
boundaries.

Relationship of EST to General Composites

The correlation between the EST and the General-Technical (General
for Air Force) composite for subjects given booklet BY in March 1981
(N = 270) was .86. This strong relationship was expected due to
similarity in content. Since percentile equivalents for this
composite are based on the same reference test used in norming AFQT
and since it correlates highly with AFQT (r = .97), the equipercentile
calibration (Table 6) would also apply to General (CT) percentiles.

IV. CONCLUSIONS

Two parallel forms of ar EST have been developed and calibrated to
the AFQT selection composite from ASVAB 8, 9, and 10. These tests
appear to meet administrative and psychometric specifications
adequately. All items in both forms correlate positively with total
test score and AFQT scores and are in an appropriate range of
difficulty (from average to very easy) for use in prescreening service
applicants.

The EST should be a highly reliable instrument (internal
consistency coefficient = .93). The test items appear to discriminate
well throughout a range which includes major service selection cutoff
points (AFQT percentiles 15 to 45). The two EST forms appear parallel
based on highly similar distributions of item difficulty and criterion
correlation values. EST scores predict AFQT percentiles quite well
(r = .83). In addition, EST content is similar to that of AFQT.

Interpretation of EST scores is provided by an equipercentile
calibration to AFQT (Table 6). This calibration also applies to
prediction of GT percentile scores.
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Table 1. Content of AFQT and EST 81a - 81b

Number of Items
Item Types AFQT EST

Arithmetic Reasoning (AR) 30 18
Word Knowledge (WK) 35 23
Paragraph Comprehension (PC) 15 7
(Verbal - WK + PC) (50) (30)
Numerical Operations (NO) 50* -

Total # of items 130 48

*Speeded test with 50 items. NO raw scores are
weighted .5 in the AFQT composite.

Table 2. Distributions of Item Difficulties for EST 81a and 81b

81a (Booklet BY) 81b (Booklets AX & CZ=
Difficulty (p) N % N %

.80 - .89 12 25 12 25

.70 - .79 23 48 19 40

.60 - .69 12 25 16 33

.00 - .59 1 2 1 2

Mean k .744 .742
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Table 3. Distributions of EST Item Validities with AFQT

81a (Booklet BY) BIb (Booklets AX & CZ)
Validity (rbis N % N %

.60 - .99 2 4 3 6

.45 - .59 35 73 35 73

.30 - .44 11 23 11 23

.00 - .29 1 2 0 0

Mean biserial * .476 .496

*Based on r to Z transformations.

Table 4. Means of IRT Item Parameters for EST 81a

a bC

Internal Criterion 1.33 -. 62 .20
AFQT Criterion 1.10 -. 62 .32

Table 5. Descriptive Statistics and Correlations for EST 81a
in an AFQT-Stratified Sample (N - 445)

Standard Intercorrelations

Scale Mean Deviation VE AR EST AEQT

Verbal Ability (VE) 22.7 7.4 1.00 .69 .95 .77

Arithmetic Reasoning (AR) 13.0 4.7 1.00 .88 .75

EST Total 35.7 11.1 1.00 .83

AFQT Percentile 49.5 28.4 1.00
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Table 6. Equipercentile Calibration of EST to AFQT (N - 869)

Cumulative Z AFQT Cumulative %
EST Score Below EST Score Percentile Below AFQT Score

1-11 1.4 4 0.9
12 1.7 5 1.5
13 2.3 6 2.6
14 2.8 6 2.6
15 3.2 8 3.3
16 3.6 8 3.3
17 4.6 10 4.5
18 5.4 12 5.5
19 6.2 13 6.2
20 6.9 14 7.4
21 7.4 14 7.4
22 8.5 15 8.6
23 9.8 15 8.6
24 10.6 16 10.9
25 11.5 18 12.1
26 12.7 19 12.8
27 14.4 20 14.8
28 16.0 22 16.6
29 17.5 23 17.7
30 19.9 25 20.6
31 22.0 28 22.9
32 24.2 30 25.5
33 27.4 33 28.8
34 30.6 36 32.5
35 34.3 40 36.0
36 38.0 42 38.4
37 41.1 44 41.4
38 44.9 48 45.3
39 47.6 49 47.8
40 50.5 50 50.5
41 56.5 54 56.8
42 60.4 59 62.6
43 64.8 63 66.9
44 70.0 68 72.0
45 75.5 74 77.6
46 82.9 80 85.4
47 90.0 87 92.8
48 96.0 95 95.0
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Table 7. Distribution of EST Scores by AFQT Category

SAFQT Category

k EST 1-15 16-20 21-30 31-49 50-64 65 &
Score N T N W- NU W F

1-12 7 90.0 2 10.0 - -.. . . . 20
13-14 7 87.5 - - 1 12.5 . . . . a
15-16 6 50.0 3 25.0 3 25.0 - -. . . 12
17-18 9 64 3 3 21.4 2 21.4 - -. . . 14
19-20 5 50.0 4 40.0 1 10.0 . ..- - 10
21-22 5 23.8 7 33.3 6 28.6 2 9.5 1 4.6 - - 21
23-24 4 26.7 5 33.3 3 20.0 3 20.0 - -. 15
24-26 4 16.0 6 24.0 5 20.0 6 24.0 3 12.0 1 4.0 25
27-28 3 11.1 6 22.2 6 22.2 9 33.3 3 11.0 - - 27
29-30 5 12.8 6 15.4 12 30.8 12 30.8 2 5.1 2 5.1 39
31-32 2 4.3 4 8.5 11 23.4 22 46.8 6 12.8 2 4.3 47
33-34 5 8.3 4 6.7 18 30.0 23 38.3 7 11.7 3 5.0 60
35-36 1 1.7 2 3.4 8 13.6 27 45.8 18 30.5 3 5.1 59
37-38 1 1.8 1 1.8 11 19.3 22 38.6 18 31.6 4 7.0 57
39-40 - - 1 1.3 5 6.5 31 40.3 23. 29.9 17 22.1 77
41-42 - - - - - - 22 30.6 24 33.3 26 36.1 72
43-44 - - - - 2 2.2 10 10,8 34 36.6 47 50.5 93
45-46 - 3 2.4 21 16.7 102 81.0 !26
47-48 - ..- - - 6 6.9 81 93.1 87

N 75 54 93 193 166 288 869
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Twenty Years Later: A Follow-up
n Of The Officer Evaluation Center

4Paela V. Mays, Ph.D.
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-- Abstract

"After about 20 years, a follow-up was "one of the Officer Evaluation
Center (OEC), where 900 first and second lieutenants underwent 3 days of
cýssessment of their technical, administrative and combat skills. From 15
exercises, over 2000measures were taken of each officer. These observa-
tions were reduced through factor and other analyses to 341 variables which
yielded 'cross-situational factors.

During the current follow-up, the ability of 25 remaining summary var-
iables to discriminate between the group of officers who left the Army after
their initial 2-year commitment and the group remaining for a full career term
was tested. A second discriminant analysis was performed among those who left
active duty nfzer 2 years. These were grouped ý:cord.ng to rank (1st Lieuten-
ant or Captain) at the time of completing their reserve commitments.

Both analyses yielded significant discriminant functions. In the former
(active vs. diseharged) analysis 65.38% of cases were correctly classified and
in the latter 67.87%.

BBackground

In the late 1950's .'nd early 1960's research was conducted by the U.S.
AArmy Personnel Research Office to develop means of identifying officers with
the aptitudes and chnracteristics to successfully meet the demands of different
types o. command responsibility. In essence, the research program centered
arcund thu development of the Differential Officer Battery (DOB). This
batter,, included measures of information ranging from military tactics to
the physical sci-,ces, sports and the art-.. Biographical reports and self-
descriptive statuntnts ot interests and attitudes were also included. In the
process of development and refinmnent, the battery was administered to 6500
active duty officers in 1958 and 1959 and about 4000 in 1961 and 1962
(Belie, Wilianir -nod Grafton, 1971).

Suitable criterion merasures were needed to .al~date this instrument.
Rarings by peers and supuriorŽ were used as part of the validation effort.
Hcwever, thp-c were rot tozally sati:.'uctory in that the DOB had been designed
to dlffurentially assess potential for combat, technical and admtiistrative

,SSsig n6fentm. An officfr's job r-iting was relevant only to his current assign-
1 v.. .- >t.. ti.,, ��.Of only one of the three rcatpo- ries.
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It was decided that a series of situational tests would be administered
to serve as additional validation criteria. These would allow assessment of
each officer in each of the three areas and provide the added advantage of
uniformity of tasks and standardization of observations.

For the purpose of administration of these situational tests, the Officer
Evaluation Center (OEC) was established at Fort McClellan, Alabama on I March
1962. The first year of the center's operation was speaL sLaffing, training
assessors and finalizing procedures. the first officers who had taken the
DOB were not testd until February of 1963. Final revisions were made based
on this "shakedown" sample and for-the-record testing began in June of 1963.

In the process of refinement, all OEC exercises had been worked into a
central scenario. This framework was that of a simulated Military Assistance
Advisory Group (MAAG) Headquarters. New assessees were told to assume that they
were "reporting for duty" at this MAAG Headquarters located in a friendly host
nation. All tests then became a succession of assignments to be performed
while temporarily awaiting reassignment to a field unit (Willemin, 1964).

Exercises were selected to provide reliable although not necessarily
complete coverage of the technical, administrative and combat areas. All
exercises had to meet certain conditions. They were required to be able to
be performed without specialized training and experience, to be recognizable
as representative military requirements, and to have militarily meaningful
outcomes charac.eristic of good or poor performance.

Exercises were drafted with the assistance of subject-matter experts,
field tested and then technically reviewed at the appropriate branch schools.
They were designed to include measures of the following categories of behaviors:
perceiving situational elements, judging future developments, analyzing problem
elements, planning future action, organizing resources, deciding the course of
iamediate action, taking the initiative to act, communicating orders and infor-
mation, training and directing subordinates, and persisting under stress
(Willanin, 1964).

Each exercise was to be primarily representative of one of the three areas
of interest. There were five exercises developed in each of the three areas.
A summary of these is given as follows:

Combat Exercises:

1. March Order. Examinee plans a tactical road march and reacts to
interruptions by sLnior and subordinate personnel.

2. Observation Post. Examinee directs fire onto visible targets. lie
must perceive terrain, enemy activity and targets; -stimate range and com-
municate this information.

3. SecuriLy Mission. Examinec must anticipate enemy actions, quickly plan
offensive and defensive actions and dirLct subordinates through face-to-face
conterr

....2 ..' ." .,
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4. Roadblock. Examinee must apply basic tactical principles and
communicate important information to others.

5. Route Reconnaissance Patrol. Examinee must cope with persistent
obstructions to mission progress, respond to critical situational factors
and withstand psychological stress under simulated prisoner-of-war
conditions.

Technical Exercises:

1. Communications Exhibit. Examinee trouble shoots technical equipment
and must use subordinates as effectively as possible.

2. Automotive Inspection. Examinee detects equipment deficiencies and
recommends and/or performs corrective actions.

3. Road Damage and Radiation Survey. Examinee must organize tenms,
train subordinates, collect and communicate information and make plans under
conditions of time pressure, obstacles, harassment and fatigue.

4. Airfield Layout. Examinee must use technical information to select
an airfield site and compute the necessary length of a runway.

5. Weapons Assessment. Examinee reports on the characteristics of an
enemy weapon from a technical intelligence point of view.

Administrative Exercises:

1. Improper Supply Records. Examinee analyzes supply records, writes a
summary memorandum and (tactfully) communicates discrepancies .

2. Office Management. Examinee must organize administrative tasks and
correct improper office procedures.

3. Production Analysis. Examinee analyzes production data, organizes
unit for efficient operation, and communicates plans.

4. Site Selection. Examinee must use logistical judgment to interpret
information and consider factors in site selection.

5. Highway Traffic Plan. Examinee must plan logistical support for a
large scale tactical operation and respond to rapid political and military
changes.

Each officer went through the exercises as an individual. The entire
set required 3 days to administer. The combat setting was made as realistic
as possible with 17 officers and 41 enlisted personnel playing the roles of
United States, allied and enlisted persomiel. The first day's exercises
were carricd out under time pressure but "peacetime" conditions. On the
second day the cxamrinee was awakened at 0230 after about four hours sleep
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and told that the host nation was at war. The remainder of the exercises were
carried out under "emergency" conditions and increasing fatigue on the part of
the examinee (Ilelme, Willemin and Grafton, 1971).

Method

Sample

The original sample of OEC participants was drawn from the pool of 4000
lieutenants who took the DOB between 1961 and 1964. Of these, about 900 at-
tended the OEC after one or two years of active duty. Both first and second
lieutenants were included as were graduates of the U.S. Military Academy and
both Reserve and Regular Army graduates of Reserve Officer Training Corps
(ROTC). The lieutenants represented 10 different combat arms, combat support
and combat service support branches. Only about 737 of the original 900 par-
ticipants are included in the data base. The remaining officers were members
of the first thirty-odd groups used as a "shakedown sample" to refine measures
and exercises (Helme, Willemin and Graf ton, 1971).

The first step of the current research was to determine where these 737
men were in relation to their military careers and what datawere available to
indicate whether their performances at the OEC bore any relationship to their
later degrees of military success.

Through the Army's locator service, we were able to find the names of
101 OEC participant officers still on active duty. At the time of follow-up
sampling (1980) these included 1 Colonel, 86 Lieutenant Colonels, 11 Majors
and 3 whose current ranks were indeterminate from information provided. The
names of 412 additional OEC participants were found through computer search
at the National Personnel Records Center (NFRC) in St. Louis, Missouri. The
location of their records at NPRC indicated that these men had been discharged
from all active and/or reserve military t emnitments.

The military history of the remaining 224 participants may be considered
unknown. However, there is a third major repository of military records
which is the Reser'e Component Personnel and Administrative Center (RCPAC)
in St. Louis, Missouri. This center houses records of individuals involved
with Reserve Component (National Guard, etc.) units. It is not unlikely that
many of the remaining OEC records could be found there, but we have as yet
not been able to make suitable arrangement to obtain information from this
center.

Information Gathered

It was quickly determined that a lLited amount of information would be
available for the "discharged" subsample located at NPRC. A much greater
variety of information is available for the subsample of officers still on
active duty which would necessitate a much more thorough process of devel-
opment for a "criterion-of-success" score. Therefore, it was decided to
obtain available information on the "discharged" group as a first step.
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We found only certain useful forms to be contained as a rule in the
majority of NPRC folders. These were:

Form DD 214--Report of Transfer or Discharge
Form USAAC 872--Discharge
Form 67-5, 67-6--US Army Officer Evaluation Report

Only those items were taken from these forms which might reasonably be
considered indicative of military success. These were: 1) Number of years
of active military service; 2) rank at the time of discharge from active
duty; 3) rank at the time of discharge from the reserve component; 4) reason
for discharge from the reserve component; 5) Officer Evaluation Report totals.

OEC Summary Variables

During the conduct of the assessment center more than 2000 observations
and judgments were recorded on each assessee. These consisted of checklists
of specific behaviors, scale ratings and quantitative summations of written
products. Initially these items were analyzed by factor analyses conducted
separately for each exercise. Intercorrelation and factor analysis of these
scores yielded 342 scales or variables.

The number of variables was then reduced to 256 by elimination of those
which were linear combinations of less complex ones and those on which 90%
or more of the participants scored alike. Further factor analysis resulted
in the identification of a set of 30 factors, all but two of which were
specific to a single task.

To find cross task factors, "marker" variables were chosen for each
factor. These were then combined with additional independent scales, refac-
tored and rotated. A set of eight factors was identified and analysis using
these 8 factors was then extended to the remaining variables (Helme, Willemin
and Grafton, 1971).

Information remaining from the original set of OEC data consists of 25
summary variables. These scores represent 7 of the original 15 exercises
(3 from administrative exercises and 2 each from the combat and technical
areas). These summary scales were part of the 342 variables derived in the
initial set of analyses. About half are shown as loading on the final 8
cross-situational factors derived from analyses. Few (about 5) are seen
as markers or variables loading on the intermediate set of 30 variables.
It is likely that many of them were omitted from this stage of analysis
because they were linear combinations of simpler variables. A summary
description of the variables is provided at Table 1.

Measures of leader characteristics resulting from Differential Officer
Battery (DOB) development were correlated with OEC variables and factor
scores. A number of significant correlations were found and differential
predictio,, of the combat and technical-managerial leadership domains was
shown. (Helme, Willenin and Grafton, 1974).
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TABLE I

SUMMARY DESCRIPTION OF REMAINING OEC VARIABLES

Loads on Cross-
Area Exercise Variable Task Factor

Administrative Highway Traffic Plan Factor Total 8-Technical Skills
Attention to Data 1-Technical Manageria]

Requirements Leadership
Office Management Sequencing of Operations A

Retained Procedures
Site Selection Factor Total

Technical Automotive Inspection Factor Total 8-Techmical Skills
Identifying Information 5-Mission Persistence

Airfield Layout Sites Weighted Scale
Basic Geographical

Considerat ions
Operational Hazards
"Engineering Considerations
Computational Accuracy C
Utilization of Terrain

Features
Number of Sites 7-Tactical Skills

Evaluated
Thoroughness of Runway

Report
Total Score 7-Tactical Skills

Combat Security Mission Firm Handling of
Personnel

Effectiveness of Defense
Plan

Total Score 2-Combat L,!aderrhip
Roadblock Attitude & Motiation

Tactical Control
Instruction of Men 3-Team Leadership
Handling of Sniper
Confidence & 2-Combat Leadership

Forcefulness
Efiectiveness in 3-Tean Leadership

Establishing Abatis

A Marker for intermediate factor 30-Commo & Staff

B Independent vartable
C Marker for intermediate factor 23-Mission Accomplishment
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Results and Discussion

It was determined that the best use of the existing data would ',e tc
termine how effectively the OEC variables could discriminate between the )vp
of participants who chose to get out of the Army after their initial obligation
and the group who decided to remain for a full career term. The decision(s) to
remain in the Army is the fundamental criterion of a successful military career.
It is the summary outcome of all the skills, motivations, experienced successes,
etc. which allow one to choose and successfully complete a given life's work.
Any set of variables potentially able to detect fine differences in level of
success such as one-time ratings or awards should also be able to detect
differences in this basic yet overriding criterion.

The group of 101 career officers for the analysis was self-defined.
However, the discharged group required some further definition. Of 412
cases available, we were actually able to get data on 352. Of these by far
the majority (237) fit the pattern of minimal 2 year active duty commitment
and completion of the remainder of their obligation in some type of a reserve
unit. (As previously mentioned, we have not been able to obtain data on any-
one who may still be maintaining his reserve status.)

It was decided to use the homogeneous sample of 237 for the second group.
An informal perusal of the records indicated that those having more or less than
two years of active duty represented a much more ill-defined group. These in-
cluded: officers killed in Vietnam, West Point Graduates leaving after their
minimal 5-year commitment, medical discharges and a variety of unique cases.

A stepwise discriminant analysis was performed using the "2-year" and
"20-year" career groups described and a significant discriminant function was
found. The value of Wilks' lambda was .89 with a corresponding chi-square of
35.54 (d.f. = 7; p < .001). The canonical correlation was .318. However,
neither of these statistics indicates a very high degree of separation
between the groups.

"Standardized function coefficients are shown at Table 2 for the 7 variables
of the total 25 included in the function. These show the relative contributions
of each variable to the function. By looking back to Table 1, one can determine
the factors from the original analysis on which these variables loaded. It is
interesting to note that while only 10 of the 25 Summary variables were reported
as loading on the final factors of the original analysis, 5 of the 7 appearing in
the current analysis came from these 10.

The cross-comparison also helps to lend interpretation to the function. To
the extent that these variables are indicative of the original factors of combat
and team leadership, tactical skills and mission persisLenlce, the military career-
ists appear to be distinguished from the other group along a general "military
leadership" dimenivion.
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TABLE 2

Standardized Discriminant Function Coefficients and Group Means

First Discriminant Analysis (2 vs. 20 years)

Standardized Group Means
Variable Coefficient 2i-.sAtiv e 2-nyr.Active

Airfield Layout-No. of sites evaluated la - 2 ,.50 5.06 5.24

Automotive Inspect-Factor Total lb - 2 .24 9.34 8.16
ic

Roadblock-Confidence & Forcefulness .80 28.61 25.03

Security Mission-Total Score .44 297.71 254.11

Airfield Layout-Comput. Accuracy -. 30 .55 .64

Roadblock-Instruction of Men Id -. 34 10.71 9.89

Site Selection-Factor Total .23 10.12 9ý35

Second Discriminant Analysis (Discharged as ILT vs. CPT)

Standardized Group Means
Variable Coefficient Captain 1st Lieutenant

Airfield Layout-No. of sites evaluated - 3U 5.18 5.33

Automotive 'nspection-Factor Total lb - 2 .53 9.25 7.53

Roadblock-Attitude & Motivation .57 29.48 27.20

Roadblock-Handling of Sniper -. 32 4.82 5.26

Roadblock-Tactical Contr,)i -. 38 3.12 3.34

Hiihway Traffic Plan-Attn. to Data le -.29 3.88 4.23

Airfield Layout-Ut il. Requ irements of
Terrain Featurts ."40 1.67 1.45

Thlwse variables loaded cn factors in the uriginal analyses: a) Tactical
Skilc,; >b) Missicn Persistence; c) Combat Leadership; d) Team leadership;
e) Te¢hnical-Managerial Leader-hip.

iheie. variablcs xnciuded in both discriminant functions.
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Following determination of the discriminant function, its ability to
correctly classify cases was examined. Assuming the prior probability of group
membership to be at the chance (50%-50%) level, 65.38% of cases were correctly
classified using the discriminant function. This represents a 30.76% improve-
ment over chance. Classification results are shown below:

Predicted Career Group

Actual Career Group 20-year 2-year

20-year 68 (67.3%) 33 (32.7%)

2-year 84 (35.4%) 153 (64.6%)

Lack of information and the considerable time span involved make it diffi-
cult to discuss those considerations that normally go with classification.
For example, the large difference in group sizes would suggest improvement in
overall classification through the use of prior probabilities of group membership
other than chance. However, the most appropriate percentages to use were not
readily available to us. They would be the statistical projections of officer
retention of twenty years ago.

Those factors affecting tolerance for misclassification have also changed.
The Selective Service System was still in effect in the early 1960's. Under
"that system the loss of a potentially successful officer through misclassifica-
tion might have been muci, less costly than it is today.

Following the initial analysis, the 2-year sample of officers deciding not
to remain in the Army was examined. This sample revealed a bimodal distribution
along the dimension of rank at the time of discharge from the reserves. Of the
222 officers for whom records were available, 84 were discharged as Captains
and 137 as First Lieutenants.

Assuming this to be an indicator of military success, a second stepwise
disciliminant analyses was performed using groups formed on the basis of rank at
the time of reserve discharge. A significant discriminant function was found
with Wilks' lambda = .90, chi-square = 21.58, d.f. - 7, p - .003 (canonical
corre3ation = .308).

The accuracy of classification was checked and 67.87% of cases were correctly
classified for an improvement of 35.74 % over chance. Classification results are
shown below.

Predicted Rank at Discharge

Actual Rank at Discharge lUT CPT

ILT 93 (67.9%) 44 (32.1%)

CPT 27 (32.1%) 57 (67.9%)
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Standardized discriminaut function coefficients shown at Table 2 indicate
the relative contributions of variables to the function. As with the first an-
alysis, exactly 7 of the 25 variables are included in the function. However,
except for the two variables marked, sets of variables belonging to the two
separate analyses do not overlap. Also the variables in the latter analysis
tend not to be the ones which loaded on factors in the original analysis.
(The exceptions are the two overlapping variables mentioned and the tlhighwayl

variable.)

This would suggest that the dimension(s) separating the career-bound young
officer from the one who will leave for civilian life may not be entirely the
same as those determining succese as a young officer. One obvious difference
might be the factor of motivation. Many of these officers may have been bright
and capable, yet only interested in fulfilling their minimal military obligation.
However, discussion at this point would be speculative rather than truly data-
based.

In conclusion, it appears somewhat remarkable that OEC measures given so
early after entry into the Army were able to measure something of what distin-
guishes a future career officer from a non-careerist. Given a few more years
we will be able to determine how well these variables can discriminate among
the successful and the "super-successful," i.e., those officers who become
colonels and generals rather than retiring as lieutenant colonels. Perhaps
the best is yet to come.
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The Problem of Range Restriction in Test Validation

This payer examines some of the legal arguments advanced over
the years with respect to the interpretation of the validity coef-
ficient. The issue as to whether or not the validity coefficient is of
a magnitude large enough to have -practical significance' is given
"considerable attention. The Equal Employment Opportunity Commission
has argued that the validity coefficient is usually too low to have
practical significance. Educational testing Service (ETS), however,
has contended that the validity coefficient does have practical signif-
icance but it should be corrected for restriction in range. The
Department of Justice claimed that range restriction correction form-
ulas cannot be ubed because the assumptions underlying them cannot be
met. The Department of Justice in its defense cited the Division 14
Principles for Validation and Use of Personnel Selection Procedures,
which asserts the desirability of having validation samples be as

similar as possible to the applicant pool. Thorndike's range restric-
tion correction formulas and their underlying assumptions are carefully
reviewed in this paper. These formulas are applied to data on actual
selection instruments to obtain the estimated true validity coefficient
that would be obtained if the valdity coefficient was based on the
total applicant population. Also, criterion referenced tests are
discussed and suggested as viable alternatives to norm referenced
"tests, along with factors contributing to criterion biases.
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Finding ways to improve selection systems have been at the forefront

of personnel psychology for many years. Very sophisticated selection systems

have been developed over the years but most have lacked good validity. The most

recent descision of the Justice Department with respect to the Professional

Administrative Career Exam (P.A.C.E.) has called for more tests to be developed

which have higher validity and less adverse impact on minority group members.

Boldt (1977) has pcinted out the practical significance that the validity

coefficient plays in the legal process through the EEOC guidelines. The EEOC

guidelines asserted that test validity must not only be statistically

significant but of a magnitude of which to suggest that the benefits obtained

from using a particular selection device is worth the trouble of using it.

Boldt has also pointed out that the educational testing service has asserted

that the correlation coefficient was the appropiate statistics but should be

corrected for restriction in range.

The Department of Justice claimed that correlations between selection

devices and criteria should not be corrected for range restriction because

the ýssumption of homoscedasticity, linearity, and normality cannot be met.

This question, however, raises an important question as to which validity

coefficient is the best, the uncorrected or corrected. The purpose of t•iis

paper is to shed some light on some of the problems associated with validity

coefficients and provide an overview of three main cases of correcting for

range restriction in testing.
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Generally when a test is administered, it is administered to applicants

who walk into a testing center and take a test. However, in some situations,

the tester may have control over the applicant pool, but this situation very

rarely occurs. Since the total number of people who take the test makeup

the applicant pool, the normative information which is obtained from the

sample should be based on the total applicant pool. Very seldom, however,

are validity coefficient provided for the entire applicant group to whom

the test is administered. Consequently, validity coefficients can only

be obtained for those people waho are selected on the job. When this occurs,

the range of test scores becomes restricted, and the sample ceases to become

a representative sample of the general population of applicants and thus

cannot be generalized to the total applicant population.

Range restriction, as applied to test scores, is a general term which

means that the test scores for a particular group are concentrated in only

a portion of the possible range of scores (Kaufman, 1972). Groups that

are restricted in range have smaller standard deviations than groups that

are not restricted. Also, when test scores are restricted in range,

correlation between a test and a criterion will be lower than the scores

for the unrestricted groups.

When a high standard of selectivity is employed, the effect of range

restriction on the resulting validity coefficients becomes even more

profound. Thorndike's (1949) frequently cited wartime study is a good
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illustration of this relationship. In this study, a bdttery of tests to

predict success in pilot training was give :o a large group of men as a

part of an Army Air Force Aviation Psychology Program. In using the strict

selection standards that were in effect toward the end of World War II,

only 13% of these men would have qualified to enter pilot training on the

basis of test scores. However, all of the men, regardless of their test

scores, were allowed to enter training for experimental purposes. Table I

below illustrates the correlation coefficients between test scores and the

criterion for the total and qualified groups entering training.

TABLE 1

Correlation with Criterion
Total Group Qualified Group

Predictor (N - 1036) (N - 136)

Pilot Stanine (Composite Score) .64 .18
Mechanical Principles Test .44 .03
Complex Coordination .40 -. 03
Instrumental Comprehension Test .45 .27
Finger Dextrity Test .18 .00
General Information Test .46 .20
Arithmetic Reasoning Test .27 .18

From Thorndike, 1949, page 171

These results show the effect that can occur on validity coefficients

when restricted and unrestricted groups are compared. According to

table 1, the composite aptitude score has the highest correlation (.64)

when the total group is taken into consideration, but a substantially

lower correlation (.18) when the group is restricted. Judging by the
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qualified group alone, the Coplex Coordination Test and the Mechanical Principles

Test were among the worst predictors. However, for the total group, both the

Mechanical Principles and Complex Coordination Tests were among the best predictors.

In order to make practical use of validity statistics for a restrict-

ed group, it is necessary to have statistical correction procedures to

estimate what validity coefficients would have been obtained if it had

been possible to obtain test and criterion data from a representative

sample of those to whom the selection device was applied. Thorndike (1949)

discussed three types of oorrection procedures for range restriction, Case I,

Case II, and Case III.

Case I occurs when there is some degree of truncation on the criterion

(Schmidt and Hunter, 1977; Gullisksen, 1950). In most practical situations,

a test or multivariables such as exceptionally good recomnwdations and ex-

ceptionally good academic reoords are used for selection. However, there

may also be situations wherein the criterion itself is used to select employees.

For example, a manufacturing xmp.ny may wish to develop a test to predict

job performance and may accept all applicants regardless of their test scores,

but weed out the bottcm 50% whose performance falls below a given minimum

standard. The Case I model is rarely used in validity studies because very

seldom is selection made on the basis of the criterion. Selection is almbrr

always made on some type of test. Nevertheless, this case can be put into

practice by selecting on the criterion at a point which corresponds to the

cutting score where selectees have been proven to Le successful. Figure 1 is

an illustration of selection occurring on the criterion.
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Let Y represent the criterion, and X the predictor. Suppose that the

selection ratio is set at .05, then if the assumptions of linearity and homo-

escedacity hold, setting a cutting score at the top 5Z on the criterion will

correspond to the top 5% if the test were used to select employees. The

dotted and solid line in figure 1 shows the ellipse for the total unrestrict-

ed group, and the solid line represents the ellipse for the restricted group.

The higher the selection ratio the more severe the restriction in range.

Essentially, This is a case of regression of X on Y, instead of the more

typical case of regression of Y on X. While this approach tends to be some-

what costly, it does offer an alternative to written tests.
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Case 11

Case II situation occurs when there is direct truncation on the predictor

variable. This model leads to underestimates of the effect of range restriction,

if selection is partly on the basis of the criterion as well as the predictor.

However, the Case II formula provides slight overestimates of the corrected

coefficients when truncation on the test is not perfect. For example, when some

applicants below the cutoff score are selected, or selection is made on the basis

of the sums of scores on two or more tests rather than a single test (Schmidt

and Hunter, 1977).

Table 2 was developed by using the Case II formula (appendix A), and

facilitates the determination of R , the estimated correlation between
12

predictor and criterion in an unrestricted sample.

TABLE 2

Validity Coefficients for Unrestricted Group (Rt ) Estimated From
Values for Restricted Group (r,,)

S1  r 2 .10 .15 .20 .25 .30 .35 .40 .45

- 1

1.25 .12 .19 .25 .31 .37 .42 .48 .53

1.50 .15 .22 .29 .36 .43 .49 .55 .60

1.75 .17 .26 .34 .41 .48 .55 .61 .66

2.00 .20 .29 .38 .46 .53 .60 .66 .71

2.50 .24 .35 .45 .54 .62 .68 .74 .78

3.00 .29 .41 .52 .61 .69 .75 .79 .83

4.00 .37 .52 .63 .72 .78 .83 .87 .90

5.00 .45 .60 .71 .79 .84 .88 .91 .93

10.00 .71 .83 90 .93 .95 .97 .97 .98

From Kaufman, 1972, page 6.
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S
I is the ratio of the standard deviation of the unrestricted group

to the standard deviation of the restricted group on the predictor

test; r is the actual obtained validity coefficient for the un-
12

restricted group. The unrestricted coefficient is found by luoking

up the ratio of the unrestricted standard deviation to the restricted

coefficient at the top of the table. For example, if the ratio of the

standard deviation was found to be 1.25, and the restricted validity

coeficient was .25, then table 2 would be entered as follows:

S

- 1.25, r = .25, which results in an unrestricted
a 12
1

validity coefficient of (R ) .31.
12

The magnitude of a pearson product moment correlation coefficient

is directly related to the standard deviation of the two variables

being correlated. A reduction in either or both of the standard

deviations will lower the correlation coefficient between the two

variables.

Case III

The third cast of range restriction occurs when there is truncation

on a third variable. Gullisksen (1950) distinquishes between explicit

selection and incidental selection. Explicit selection Is defined as

direct selection occurring on the basis of a given variable (test), and

incidental selection occurs when there is indirect selection occurring

on the basis of a given variable (criterion) or another test which is highly

correlated with the explicit variable. For instance, suppose a researcher is

interested in trying out a new test (Y) to see how well it predicts job

performance, *nd the scores are available for the first test (M) which was
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used for selection. Selection is then incidental with respect to test Y

(new test) because of the high correlation between the new test and the

initial test, thus selecting on the first test is basically the same as

selecting on the second test. Restriction in range occurs on the new research

test because there will be some applicants who passed the first test who will

not pass the second test. The Case III situation is more practical than the

Case T situation and is very frequent in concurrent validity studies.

Thorndike (1949) discussed another Case III in which one of the

correlations used in the above formula maybe available for the total group

rather than the restricted group. For example, a research test may have

been given to a general unselected group and its correlation with the score

on the selection test is based on this group (see appendix A for Case III

formula).

These formulas are basically used for pearson-product moment correlations

based on cortinuous variables; howevtr, if the fornula for biserial correlation

is to be used in restricted groups, the distribution of traits underlying that

dichotomy must be normally distributed in the restricted groups (Ihorndike, 1949).

Campbell (1976) and Linn (1968) have pointed out that atteirpting to estimate

reliabilities and validities in the appropriate population can pose a serious

problem. Fur instance, they argue that the assumptions of linearity and

honscedasticity (equality of conditional variances) may easily be violated.

For example, in a bivariate distribution, much less variability tends to be

exhibited at the extremes as opposed to the middle, and so rather than being

linear, thr: standard score of the r,±gression line tends to be steeper at the

ends than in the middle. The violation of the hcnoscedasticity assumption tends

to inflate the corrections, while the departure from linearity tends to deflate it.

Linn (1968) has shown that by correcting correlation coefficients as if the test (x)
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is the explicit selection variable, results into the formula cvercorrecting

when the correlation between x (test 1) and z (criterion) is low and under-

correcting when the correlation is in the middle range. The undercorrection

and overcorrection phenomena becomes more profound as the degree of actual

selection on z (unavailable predictor ) becomes extreme. This relationship

Is shown in figuze 2 below which was Pbstracted from the Linn (1968) report.

.76

14
.72

_ 70-

16 .62 R

E A,

S .54

>- r

R .40

-28--20-.1 .1 .2 S4 A .7 A2 210

Rzy, Cornwdtith bIflwf X MWV

Figure 2. An illustration of the effects of correction of range as a
function of the correlation between the explicit and implicit

predictors.

let x be the explicit selection variable (test used for selection), y the

implicit selection variable (a second test), and z the crite.ion but also

subject to implicit selection. Then the correlation between y and z in

the selected group (r ) is a function of the correlation between x and
"yz

y in the unrestricted group (R ). The broken line in the figure 2 shows
xy

the valje of r in the restricted population as a function of R for
yz xy

values of R I If y is treated as an explicit selection variable and
xy

r is corrected for homogeniety of variances of y in the restricted population,

8yz
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the corrected values of R will still be an underestimate of R as
yz yz

long as x and y are reasonably correlated.

A number of studies have shown that the assumptions of linearity,

normality and homoscedasticity are very rarely violated. Sevler (1957),

using sample sizes ranging from 105 to 250, has shown that out of 24 tests,

only one violated the assumption of lineacity, and one out of eight violated

the assumption of homoescedasticity. Chiselli and Kahneman (1962) examined

60 aptitude variables in a sample size of 200 and showed that 40 percent of

the variables departed significantly from the linear-honoescedastic model.

However, ninety percent of these variables held up when cross validated.

Tupes (1964) re-analyzed the Chiselli and Kahneman studies and found that

only 10 percent of these relationships departed fror linearity at the .05

level.

Schmidt (1976) has pointed out that the assumptions for range restrict-

ion correction formulas in real data will be violated only infrequently.

However, even if they are violated (e.g., lower conditional criterion

variances in the r-stricted group), there Is every reason ta believe that

the amount of induced bias will be small relative to massive bias induced

by failure to correct. This point is illustrated by re-examining the figure

abstracted from the linn (1%8) article . Campbell (1976), however, review-

ed the Iinn article and came to the same conclusion as did Uinn. He then

further enphasized that these kinds of consideration make usinp correction

1. As noted by Schmidt (1978), th- Linn articlt is very confusing because figure 2
has been called figure 1, and ;-Xce versa. U.owever, by considering the example on
which figure 1 is baset, a very serious violation of the asstnnptlon is made. 3n
this ex4mple, restriction has been on a third variable (X)_ and so the appropiate
model is Thorndikc's (3149) Case 111 forn~ula. H.owever variable X is unknown and
tht" the correct correction formula cannot be used. The Incorre-t Case 11 model
is used inste.o, which assumes direct restriction on the predictor.
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formulas rather risky business. In almost every real situation an estimate of

the population rarameter will most likely be biased in some respect, except,

in clear and straightforwerd situations.

Criterion-Referenced Tests

PerhapF a better vay to insure that selection systems have validity is to

mcke sure that tbe test is an adequate sample of the job content. Criterion-

referenced tests although less s.tisticated than norm-referenced tests provide

better sampl-s of the job daa in. These tests are designed to measure performance

relative to a criterion standard. Mat is, an employee's test performance is

compared to an established criterion performance standard. Normative data as to

how well one employee is performing relative to another is not necessary. The

job is usually sirulated with 90% accuracy, so that the performance on the test

is basically the se.me as the actual performance on the criterion. Criterion-

referenced test are basically the sane as performance tests.

Job performance tests such as ork sample tests are especially applicable

as use for criterion-referenced measures (Buck, 1975). These tests like cri-

terion-referenced tests, must sample the job domain accurately and also must

measure the employee's ability to perform critical job tasks. As Buck (1975)

has pointed out, criterion referenced tests are often confused with criterion

related tests. A criterion related test implies that there is so, kind of

statistical relationship betseen a test and some measure of job performance

(i.e., supervisory ratings, self ratings, peer ratings, etc.). while on

the other hand, criterion-referened tests refer to the minimal acceptable

level that an applicant aust meet in order to achiuve a mastery level on the job.

Essential ly, criterlon-refetenrcd tests are used to determine tho is qualified,

they do not measure variability in performance. Popham and Husek (1971) cortend

8i3
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that criterion-referenced tests are orny suitable when there is no constraints on

ihow many people are to be selected for a particular job. Howver, when there

are constraints, norm-referenced tests are usually more appropiate for selection.

Like norm-referenced tests, criterion-referenced tests can also be used when the

applicant pool is exceptionally larcye by setting the cutting score above the minizall

cqualifying standard. For example, if the minimally qualifying standard cut sonre

is set at 70%, it can be set at 90% which would insure the adaptation of a treat-

ment that would select superior employees. The advantages of this aproach of

testing over norm-referenced tests is the accuracy with which the job domain is

sampled and the fact that less complex tests can be developed which in turn would

give better measures of -;alidity.
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APP!2IDX A

ltorndike's Case I formula;

R 1- r 1-rxy)

*Y.

The Case I formula is primarily concerned with the correlation between x andy. Where R is the correlation between a test (x) and a criterion (y) inthe unrestricted group, Sy is the standard deviation of the criterion in the
unrestricted group, sy is the standard deviation of the criterion in the

restricted group.

Thorndike's Case II formula:

Sx

r Xy

22 XRi yri 1 - rxy+ rxxy
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APPEMDIX A (continued)

A special case of Case III wen the validity coefficient is known for the unrestricted

group:

2

RR
xyz + r(7 z

-7

s---/I + 2,,..

The terms are define in the Case I formula.
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iAPENDIX A (continued)

Thorndike's Case 1I formula:

R SV

S 24

These symbols are analogous to the Case II formula, with the except-

ion of the third variable being correlated. R is the correlation

between the explicit variable (test) and the implicit variable (a new

research test) for the unrestricted group, r is the correlation between
xy

the explicit variable and the Implicit variable for the restricted group,

r is the correlation between teat X and the criterion Z for the restrict-

XE

ed group, r is the correlation between implicit variable (new research
YE

test) and the implicit variable (criterion Z for the restricted group.

2 2
and S and s tre the unrestricted and restricted group variances for

z z

the criterion Z.
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Determinants of Readiness for Reenlistment

in the Federal Armed Forces

Adelheid Heissner and Klaus j. PuzLcha

Federal Armed Forces Office

(Germany)

Smmary

In december 1980 a representative sample of soldiers of all

three forces Of the German Federal Arxed Forces (ranks:

private to sergeant) was questionned. Topic of this research

work was the analysis of determinants of job satisfaction and

readiness for reenlistment. Controlling for the variables

"force" and "status" (compulsory condition vs. enlistment for

two years vs. enlistment for three or four years vs. enlistment

for five years or longer) we have analysed the most important

determinants by pultiple regression.

The main determinants of job satisfaction and readiness for

reenlistment are: affinity for military concerns, perception

of the military superiars and the conditions of work. 1eadiness

for reenlistment in particular has additional social detezuinantsx

the attitude of the wife respectively the girlfriend and personal

contacts with the union-leader.
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1 Problem

The German Federal Armed Forces contain of about 500.000 soldiers.
Corresponding to a NATO-agreement it is demanded that 55 per cent

of them should be enlisted men. But in fact at present there
are more than 50 per cent draftees who serve with the Armed Forces.
This overhang compensates a lack of corporals: So at last the
soldier under 3ompulsory conditions has to undertake the function

of a corporal. (1)

Tnis was the situation till the year 1978. Meanwhile the personnel

development has changed:
- In the Army and in the Navy there Is a shortage of middle- and

long-term volunteers, i.e. of soldiers who enlisted for three
and more years. In these two forces the lack can be compensated
by increasing quota of short-term volunteers (enlistment for
two years). But this compensation is only a quantitative one;

there still remains the problem that even young soldiers with
short enlistment are overtaxed.

- The personnel situation in the Air Force is characterized by

a considerable deficiency of short-tern enlisted men (2 years)
and long-term volunteers (8 years and longer) on the one hand and

an overhang of soldiers with medium enlistment (3 to 7 years)

on the other hand.

One problem of the German Armed Forces in the eighties is how to

fit the needs of enlisted men in a satisfactory way. Principally
there might be three possibilities:

- enlistment of volunteers

- change of status from draftee to volunteer
- reenlistment of voluntary soldiers.

During the last years the requirements of volunteers are covered

by the three mentiond facilities to a thired each. (2)
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The present research concerns with the problem of deficient

readiness for reenlistment respectively enlistment by draftees.

Both aspects we have summarized as •EADINESS FOX R ENLISTIENT.

We consider this problem as an Indicator of JOB SATISFACTION

which was the other main subject of our investigation.

The following survey shows the design we have applied to analyse

theme two aspects.

DEPENDENT VARIABLES

(Criteria)

relevant for the individuum relevant for the institution

satisfaction with...
- ... superiors - readiness for reenlistment

-.. conditions of work - efficiency as multiplicators

S...comrades - extrinsic moUtvatibility
-.- payment

INDEPENDENT VARIABLES

(Predictors)

mre subjective ones more objective ones

personality traits - biographic data

perception of the superiors - objective aspects of the

perception of the conditions of military job

work
- perception of the comrades

COUTROLLNG VARIABLES

forces (Army vs. kirforce vs. Naw)

status (service under compulsory conditions vs. enlistment

for two years vs. enlistment for three or four years vs.

enlistment for five years or longer)
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2 Methoda

At the end of 1980 an investigation concerning the mentioned

problems was carried out by the German Armed Porces' Psychological

Research Institute Bonn. On the basis of randomized sample

selection 1500 soldiers were interrogated postally by a pretested
questionnaire. The sample was representative for the ranks

from private to sergeant - containing of both draftees and

volunteers.

Description of sample

Army Airforce Navy

servicemn 643 438 152

corporals 55 -_ 34

sergeants 121 116

The quota of recoil was about 42 per cent.

liscause of a technical error in the Airforce there were only

servicemen available.

To arnalyse the determinants of job satisfaction respectively

readiness for reenlistment muitivarlate methods such as multiple

regression analysis seemed adequate. For criteria (that means our

dependent variables) we have taken the following dimension which

we have got by factor analysis of some selected measuring instru-

ments:

- Satisfaction with the superiors

- Satisfaction with the conditions of work

- Satisfaction with the comrades

- Satisfaction with the payment

- Readiness for reenlistment
- Efficiency as multiplicators

- Extrinsic motivatibility
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Some of these dependent variables have been used for predictors,

too. In the following all applied predictors are specified.

I Rank
2 Seniority
3 Futural tim of service objective aspects of
4 Living in barracks the military job
5 Tim of reversion
6 Shifting

7 Level of education
8 Failing remove
9 Confession

10 Family status married)
11 Distance from wife/girlfriend objective aspects of

-12 Attitude of wife/girlfriend
towards reenlistment in the biography
Armed Forces

13 Unemployment of colleagues or friends
14 Satisfaction with the eiucatoisal

and professional level

15 Satisfaction with the superiors
16 Authoritarian superiors
17 Number of contacts with the ma•sO perception of the

leader superiors
18 Foreign-determination

19 Satisfaction with the conditions of work
20 Adequate function perception of the
21 Burden by special missions and conditions of work

long-term working hours
22 Idleness

23 Satisfaction with the comrades perception of the
24 Alcohol and missing comradeship Comrades
25 Alcohol consumption

26 Satisfaction with the payment

27 Expectations before joining the Armed Forces
28 Prejudices towards the Armed Forces
29 Affinity for military concerns personality traits
30 Unpolitical attitude
31 Readiness for leadership/dominance
32 Need for achievement
33 IImobile passivity
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3 Results

In a first descriptive view of retnlts it eeos opportune to

give a kind of Inventory, i.e. aeah questtons as "which groups

of soldiers are ready ;o reenlist, which are not?' or "How cen

one improve the readiness for reenlistment?"

Readiness for reenlistment in several groups

Gups MI want to 'I will 'I am still •' will no
bece reenlist' Indecisiven reenlist'
professional"

6 4 5 14 77

r ftroe 6 2 4 11 83

-Navy 12 4 16 66

servicemen 9 2 4 12 63
corporals t 5 11 25 59

sergeants 1 17 7 16 56

aftees 1 1 3 7 90

listed men % 1 5 20 75
for 2 years

enlisted mEA 6 6 9 29 56
Ifor 3 or 4
years
enlisted men & 24 7 19 50
Ifor 5 years
or longer

Four of five Air Force soldiers, three of four Army soldiers

and two of three Navy soldiers don't v~nt to extend their time

of service voluntarily.

Soldiers with a higher status show more readiness for reenlistment

or for becoming professional.

Our results made clear that there are considerable differences

between soldiers of the three forces with regard to job satis-

faction and readiness toe reenlistment. Likewise the results

for the various status groups were not comparable. Therefore we
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have made all regression anlyses separate for Army, Air Force

and Navy as well as for the gruupsa

- service under compulsory cz-nditions (draftee.)

- enlistment for two year.

- enlistment for three or four years

- enlistment for five years or longer

Though we cannot present all these single results here we will

try to select a characteristic tendencies. The determinants

of readiness for reenlistment ame shown at the following diagrams.

The hatched parts of the colmi•s represent the portion of not

explainable variance. The nunbers stand for the various predictors.

Some important ones are specified here:

29 affinity for military concerns

12 attitude of the female partner towards reenlistnt

17 numbsr of contacts with the union leader

3 futural time of service (the more distant the term of a

decision - reenlisment or not - the greater the inclination

to do it)

2 seniority

"28 prejudices towards the Armed Forces

We can see that for draftees and for short-term volunteers

affinity for military concerns (29) and attitude of the

girlfriends (12) are most relevant. For the subsamples of long-

term volunteers attitude of the female partner (12), contacts
with the union leader (17). prejudices towards the Armad Forces (28)

occupy the first ranks.

In a further stop we have sumnarized the ten most i•ortant

predictors of the thre. criteria concerning reenllstment.
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Regression analyses for the criterion READINFESS

FOR RE.NLIST.MENT. SuJbsaznples:draftees vs. enlist-

bent for 2 years
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Regression analyses for the criterion EKALDINESS

FOR REENIS•MS•NT. Subsmaples:enlistment for

3/4 years vs. enlistment for 5 years or longer

12 17 
1

2 I

229

.12L

170

33
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Average relevance of the predictors for the three criteria

S•ADNISS IOR UNLISTIKEMT ,EFIaENCt AS WLTIPLICATOI3 and

EXTRINSIC NOTIVATIBIfLI'Y

I Affinity for military concerns

2 Prejudices towards the Armed Forces

3 Attitude of wife/girlfriend towards reenlistment

4 Nmuber of contacts with the union leader

5 Satisfaction with the conditions of the work

6 Satisfaction with the superiors

7 Adequate function

8 Distance from wife/girlfriend

9 Satisfaction with the payment

10 Seniority

Corresponding to the high portion of conscripts In our sample the

emotional dimensions "affinity for military concerns" and

"prejudices towards the Armed Forces' have the most irportant

relevance. Next ranks are occupied with social influences.

They show the importance of reference groups for reenlistment.

The attitude of the female partner and the frequency of contacts

with the union leader determine the decision In favour of or

against a reenlistment.

In comparison wlit an mrican study (3) we have analysed how far

the readiness for reenlistment is dependent on some certain

material stimuli. We have c&lled this 'extrinsic motivatibility'.

To measure this nine more or less realistic stimuli as potential

motivation for reenlistamnt were given to the soldiers. If only

asking for their general attitude 72 per cent of them spontaneously

say that they will not reenlist. But confrontinq them with these

"extrinsic' incantLves there are only still 14 per cent left, who

would reenlist by *io means. In other words: 58 per cent of all

soldiers were ready to revise their o'-iqtnal intention; they were

more or less venal.

Yet not sll nine stimuli are likewise effective for improving

the readiness for reenlistment.
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/'1

What kind of conditions promise to be most effective?

Without regard to realizations

more favorable leisure and compensation of overtime rank 1

option of garrison and co-deter•ination of removal rank 30

certain preferment rank 3

better payment rank 3*

guarantee of garrison near residence rank 5

obligatory promises of development rank 6

With consideration to the most realistic measures

obligatory promises of development rank 1

-ertain preferment rank 2

nre fasorable leisure and compensation of overtime rank 3.

payment of an attractive enlistment-primlam rank 3.5

bheso conditions occasionally have the same rank

By suitable combination of the practicable mnaures 60 per cent

of all soldiers could be addressed.

4 Summary and Discussion

As we assume a close connection between job satisfaction and

readiness for reenlistment we have avmarised all seven criteria

and investigated what kind of predictors are rast significant.

Average relevance of the predictors for all seven criteria.

Total sample

1 Affinity for military concerns

2 Satisfactton with the superiors

3 Satisfaction with the conditions of the work

4 Prejudices towards the Armed Forces

5 Satisfaction with the comrades

6 Attitude of wife/girlfriend towards reenlistment in the Armed
Forces

7 Burden by special missions and long-term working hours

8 Foreign determination

9 Alcohol and missing comradeship

0 Number of contacts with the unlon leader

831



we can see that altogether 'affinity for military ooncerns"

represents the most important determinant, that means the attitude

towards the typical aspects of military jobs as living in barracks,

wearing uniform, and living with the principle of command and

obedience. The significance of this emotional aspect concerning

the nearness or distance to the Federal Armed Forces decreases

with the duralion of enlistment.

The next Important factor of influence is the satisfaction with

the superiors. That makes clear once more the recessity of good

leadership behavior. That is what the German Federal Armed Forces

call Oleadership and civic education'.

Returning to our first mentioned problem - i.e. a low rate of

reenlistments of volunteers respectively of enlistments by draftees -

we may ask wnether the results of our investigation give any hints

for improving that situation.

We have found out that an increase of readiness for reenlistment

may be reall med by certain "extrinsico stimuli. Even soldiers

who actually are against any reenlistment would relent if offered

such permissions. Supposing these stimuli were practicable - woulI

such a "venality" be !5ssirabla if there are no positive emotional

attitudes of soldiers towards the Armed Forces? From our point of

view it is quite possible that attitudes may change and develop so

that they are in accordance with the decision that has been made
before. That means: after one has decided to reenlist he may look

at the military aspects in a more positive way than he had done

before; his affinity for military concerns increases.
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TASK ANALYSIS FOR WEAPONS SYSTEMS TESTERS:
SHORTCUT TO PAYDIRT IN INFLATIONARY TIMES

/ John L. Miles, Jr., J.0. AD P 0 0 1 3 5 4
United States Army Research Institute
for the Behavioral and Social Sciences

The principal effects of inflation on testing of new weapon systems
are to compress schedules and thereby reduce the range and scope of system
performance which can be assessed. Test planners today must analyze system
performance goals and system design and then predict those few areas where
testing is mnst likely to pay off. Testing conducted only in accordance
with these predictions can fail to detect significant problems which will
show up when the system is eventually fielded. A new approach to con-
ducting task analysis may provide better indication to test designers of
where to anticipate problems and, hence, where to apply scarce testing
resources. This approach was developed by a tri-service committee of human
factors practitioners, and its :oncepts won an 801 indorsement of other
practitioners in government and industry who responded to a questionnaire..;

While the battles of consumers against Inflation may gain the most
media attention, the pirniclous effects of Inflation ore felt as well by
weapon system testers. Most frequently these effects are felt on test
schedules, In which such budget contralnts as "number of rourids of amm-
unition available" dictate shorter and smaller tests. Test planners are
thus faced with the dilemma of whether to reduce the sample size on which
Important generalizations are to be based or to ellminatt whole subtests.
When this dilemma Is resolved In favor of the statisticians, one of the
first subtests to be cancelled Is often that of human factors. Historical
grounds for this decision appear to Include the perceptions that: (1) no

P Army system has ever been cancelled solely for human factors reasons, (2)
the legendary Ingenuity of the American soldier will enable him to overcome
or at least compensate for disadvantageous design of equipment, and (3) If
the electrical and mechanical subsystems can be made to operate with
satisfactory reliability, the whole system Is probably good enough to go to
the field.

There Is growing evidence today that those grounds are being under-
mined. Human factors deficiencies were prominent among the reasons for
Congressional cancel lation of the Family of Military Engineering Construc-
tion Equipment (FAMECE) project, and the prestIgous Kerwin and Blanchard
report Man-Machine Interface - A Growing Crisis began, "The US Army has a
major man-machine Interface problem... The problem Is severe and will
continue to get worse" (p. I). Thus, at a time when Inflation Is exposing
tesling In general and human factors testing In particular to severe cuts
or elimination altogether, the criticality of the man-machine Interface Is
Increasing. Prudent test planners are today therefore casting about for
mora eff~clnt means of determining whIch areas of system testing are
likely to have the highest payoff In terms of testing resources Invested.
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Human factors practitioners (particularly within the Army) have pro-

vided ample guidance:

S(1) A general life cycle system management model showing the Inte-

gration of human factors and Identifying test and evaluation activities was
published In 1980 (Burt, at. al., 1980).

(2) A detailed guide for gathering and analyzing human performance
data during developmental testing was issued by the USA Human Engineering
Laboratory In 1976 (Berson and Crooks, 1976).

(3) A workbook and a handbook for assessing human performance during

operational testing (known as HRTES) were developed by the US Army Research
Institute (Kaplan, et. al. 1980).

A!though each of those documents has been well received In the profes-

sional community, there remains one persistent problem whose solution has
eluded tie human factors and training community for years and Is a neces-
sary prerequisite to efficient determination of high payoff areas for
investment of tesling resources. That problem Is determining and then
documenting what the humans In tho system have to do (end, therefore, what
training they have to receive) to make It work properly. The means most
often used for this undertaking Is Task analysis.

Task analysis Is of course not new, and Its origins may lie with
the 1898 work of Frederick Taylor at the Midvale Steel Company. A paper
by Hays (in press) contains a recent review of the status of task analysis,
and another by Berry (1979) contains a succinct summary of the problem:

Modeling of a human-machine system for whatever
purpose, requires that all significant events occurring

In the system be described. Task analysis, standard In
the repertoire of the human factors engineer, Is the
technique generally used to describe the activities
performed by the human components, or operators. Un-
fortunately, there is no agreement on the vocabulary or
structure to be used In making these descriptions.

Within the past 25 years, at least a dozen task

classification schemes, or taxonomies, have been pro-
posed. Even definition of the term task Is not uni-
versail y agreed upon, and this definition Is critical
because It strongly Influences the terms, units and

general flavor of the final taxonomy (p. 1).

The difflcultlus with task analysis are well-known to developers
of military systems. "Happy hour" conversations often contain stories of

defective task analyses, but virtue alone Is not enough: during the late
1960s and early 1970s there was a Joint German-American development program
for a main battle tank. The tank analysis for that system when delivered
was 32-inches thick and no one was able to use It (Brogan at. al, 1981,
p. 262). Attempts were begun in the late 1970s In the Department of,
Defense to solve the problem of task analysis. As General Becton explained
the problem to the Army's Vice Chief of Staff,
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A proper basis for both human engineering and human
factors to pursue their goals is a task analysis. This
Is an analysis of those specific tasks an operator must

perform to operate the system. A valid task analysis
provides a logical basis for human engineering design,
training program development, training device require-
ments1 and other management considerations such as SQTs
and MOS prerequisites. Too often In the development of
Army equipment systemsp task analyses are not done or are

done Incompletely. This is a primarily because no
military standard currently exists for task analysis, the

users of task analysis Information have different re-
quirements, multiple formats are used, and the task

analysis must be called out as a deliverable data item to

be performed (pp. 1-2).

In General Becton's view, what was needed was a military solution to a
technological problem.

An Intrepid group of military and ,lvllla., trainers, testers and

human factors specialists drawn from all three armcd serv!:es began

work on the problem In late 197A. By June of 1979 the group (ofticially

designated as the Test cud Evaluation Subgroup of the Department of

Defense Human Factorn Engineering Technical Advisory Group, but more
commonly known as the "T&E SubTAG") had revlc*.d the "-ask analysis programs

In all three serv!ces, developed Its own task taxontmy (s'nc Figure I),

Mission: What the man-machine system Is supposed to accomplish.

Scenario/conditions: Categories of particular factors or con-

straints undar which the system will be expected to operate and be
maintained.

Function: A broad category of activity performed by a man-machine

system.

Job: The combination of all human performance required for oper-

atlon and maintenance of one personnel position In a system.

Duty: A set of operationally-related tasks within a given Job.

Task: A composite of related activities (perceptions, decisions,
and responses) performed for an Immediate purpose, written In

operator/malntainer language.

Subtask: Activities (perceptions, ucclsions and responses) which
fulfill a portion of the Immediate purpose within a task.

Task Element: The smallest logically and reasonably definable unit
of behavior required In completing a task or sub-task.

Figure 1. Task Taxonomy from Proposed Military Standard
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and outlined a proposed military standard on task analysis (Miles. 1979).

A questionnaire was subsequently developed at Edwards AFS, California and

sent by name to over a hundred practitluners of human factors and training

in government and industry to obtain their reactions to both the proposed

taxonomy and the Idea of having a military standard serve as arbitrament in

this area. To the utter astonishment of the subTAG, more than 80$ of the

survey respondents agreec with the proposal (which may be an Indication

that people other than Army generals are tired of chaos In this area).

Some minor revisions were then made to the conceptual scheme, and the draft

military standard was prepared (Zavala, 1980).

The drafters of the standard had two Innovative goals. First, they

wanted to use the same task data base for all of the specialty programs

(design, training, test and evaluation, manning and workload) which tradi-

tionally have required task analysis. This was both for purposes of

economy (ItIs hard enough to get a project manager to buy one task
analysIs -- let alone fIve) as well as the promotIon of coordInation among
the various specialists concerned with aspects of personnel and training.

To accomplish that goal, they established two resevolrs of data -- "task
Inventory" which Is rigidly controlled by the task taxonomy, and "sup-

porting data" which Is everything else In whatever format that may be
needed to insure the accuracy or validity of the task analysis. Second,
they tried to reach a new height of specificity and flexibility -- the
former so that a contractor would know with precision In every case what

the desired task analysis should look like, and the latter to give the
government maximum freedom In terms of level of detail while still pre-
serving all of the controls Inherent In the proposed standard. This was
accomplished In two primary ways: (I) by requiring that every task anal-
ysis include two specific levels in the task Inventory ("Job" and "task")
and (2) by prescribing output format but not process. It was reasoned
that, with these requirements, both gross and detailed task analyses could
be obtained from the same data base for the same system (the latter by
adding more of the optional levels of the taxonomy) and that two entirely

different systems (e.g., a rifle and a jet aircraft) could still use the
same conceptual model of task analysis. A schematic of this model Is shown

in Figure 2. In this model (and In the draft standard) both the Input (at
least the task Inventory portion) and the output (shown as "Data Item
Descriptions" on DO Forms 1664) are carefully prescribed; the process

called "task analysis" Is not. Therefore the government planner may direct
that the contractor use anything from a stubby-pencil manual method to one
of the sophisticated ADP-asslsted methods such as MOAT (see Helm and

DonneIl, 1979) -- or even some new technique Invented after the standard
was written.

Use of this standard should be particularly helpful to testers of
military systems. Among the recommendations of Generals Kerwin and
Blanchard was "Manpower and skill Ilevel specifications and human perfor-
mance requirements must be developed, stated and used to the same degree
materiel specifications have been In the past" (Kerwin and Blanchard,
1980, p. 7). Means for Implementing this recommendation were proposed
by Kaplan and Crooks (1980) based on Integrating the draft task analysis

standard with their earlier efforts on HRTES. In those projects where that
recommendation is in fact implemented, objective, verifiable human perfor-

mance criteria will exist in requirements documents which can easily be
translated into test design plans and then into detailed test plans.
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TASK -DESIGN

INVENTORY
(RE: TASK- TANN]

TAXONOMY)

_ TASK T& E

ANALYSIS

DAT WORKLOADI

INPUT PROCESS OUTPUT

FIGURE 2. SCHEMATIC OF TASK ANALYSIS.

Summary

The draft mil Itary standard on task analysis was created to bring
,"th order and standardization to the process of describing and documenting
*..'at the humans In a military system are required to do to make It function
pr-perly. Its use permits testers of military systems to Identify quickly
,hose human performance criteria considered of primary Importance In
cbtrtlnlng the forecast level of system effectiveness.
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dD AD PO013 55
_AN OCCUPATIONAL ANALYSIS OF AIR FORCE

BEHAVIORAL SCIENTISTS:

) PRELIMINARY RESULTS

Lt Col Jimmy L. Mitchell
Mr James B. Keeth, and
Capt Linda A. Wiekhorst

Occupational Analysis Program
USAF Occupational Measurement Center
Randolph Air Force Base, Texas 78150

USAF Behavioral Scientists (AFS 267X) are a relatively small operational
group who perform very diverse jobs, primarily in Air Training Command,
Air Force Systems Command, and the USAF Academy. Currently, there are
about 140 officer positions authorized in this specialty which range in
grade from Second Lieutenant to Lieutenant Colonel. An occupational
survey of Air Force behavioral scientists and related jobs was conducted
during the summer of 1981 to assess the types of jobs being performed,
organization of the specialty, career patterns, job interest and satis-
faction, and educational requirements for the various types of jobs.
The occupational data developed in this study will be used by Air Force
Manpower and Personnel Center personnel classification officials to
determine if subspecialty designators (shredouts) are needed and to
refine the current specialty description (AFR 36-1). The data will also
be available for use in the behavioral scientist career development
program. This paper will report the initial analysis of the occupa-
tional data focusing primarily on the types of jobs performed by members
of the specialty. A more complete report of the behavioral scientist
occupational analysis project should be available in early 1982. i
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"INTRODUCTION

The United States Air Force (USAF) has a long history of successful behavioral
science research. Many of the diverse lines of research grew out of World War 1I
efforts, such as the pilot selection program in San Antonio, and the emerging
field of human factors engineering in weapons system design pioneered at the
laboratories at Wright-Patterson AFB. Through the years, some of the best known
names in psychology have been part of the USAF behavioral science research pro-
gram, either as civilian employees or while they were military officers. A
substantial number of these behavioral scientists have gone on to make major
contributions in the academic and applied psychology areas. Most have
acknowledged the value of their Air Force experience, but some (cf. Jacoby 1970)
have been critical of how the Air Force made use of their talents and abilities.
Many of the lines of research and the operational programs which have been
developed in the USAF research program require an on-going supply of highly
qualified civilian and officer behavioral scientists. The present jtudy
represents an attempt to help define the jobs of military behavioral scientists
and to examine the diversity of positions (Driskill and Mitchell 1980) within
the utilization field. Since one of the most successful operational programs
developed by the USAF has been the task-based occupational analysis system
(Morsh 1964; Christal 1974), it is particularly fitting to use the Air Force
CODA? job analysis technology to study Air Force behavioral scientist officer
jobs.

BACKGROUND

The present study emerged out of a number of concerns as to how the USAF
behavioral scientist utilization field (AFS 267X) is organized and how the
various subspecialties are identified and controlled. In the initial Air Force
officer classification scheme of 1954, the field involved four specialty codes-
one for Research and Development Officer, and three for Human Resources Research
(see Figure 1). Between 1964 and 1976, the AFS 267X area was structured into
one specialty, with four subspecialty designators: A - Human Factors Psychologist;
B = Experimental Psychologist; C = Personnel Measurement Psychologist; and
Z = Other social scientists (including sociologists, physical anthropologists,
cultural anthropologists, etc.). In 1976 these shredouts were dropped, leaving
one basic AFSC. The staff level specialty (AFS 2616) was continued as a
separate code, and grouped with other types of Air Force scientists, such as
physicists, chemists, mathematicians, etc.

The authorized grade spread of the 267X field is 2Lt through Lt. Colonel.
Those selected for Colonel must give up the 267X designation and become either
a Staff Scientist (AFS 2616) or take another 0-6 level code (such as Organization
Commander 0026, or Plans & Programs Officer 0076). Colonels with a behavioral
science background can be assigned to a variety of 0-6 positions, and any 0-6 can
be assigned to the key leadership positions in behavioral science organizations,
regardless of their technical backgrounds. This policy is quite consistent
with the Air Force "Whole Man" concept of officership in the Line officer
corps (versus technical qualification and rank progression in specialty corps
such as the medical, dental, legal, chaplain, and other areas).
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In 1977, the Air Force personnel system developed Special Experience
Identifier (SEI) codes which were used to identify and track high-value
individuals, who might be needed for special assignments. Since the subspecialty
designators ("shredouts") for behavioral scientists had been deleted in 1976
to provide more assignment flexibility, it was thought that this new SEI system
could serve the same purpose, without the assignment limitations inherent in
in AFSC shredouts.

During 1977 and 1978, a number of complaints were made about the lack of
shredouts, as individuals who did not have the special backgrounds needed to
perform specific jobs were assigned to various organizations. The Human Factors
positions were particularly vulnerable. Thus, some Human Factors graduates (of
programs such as Purdue's special HFE masters under McCormick) were assigned to
the WAPS test development program, while one graduate student of Dunnette at
Minnesota with a major in motivation theory ended up at the Human Factors Branch
at the Flight Test Center at Edwards AFB CA as a human factors engineer.

Such assignment problems and a growing concern over the future directions
of Human Factors Engineering in the USAF led to the creation within the Air Force
Systems Command (AFSC) of a Human Factors Committee to examine these problems
and recommend solutions. One suggestion surfacing through this committee was

a •to transfer all Human Factors psychologists from AFS 2675 to the Medical Specialties
corps to enhance the career potential of HlFE officers and better control
assignments. Other organizations proposed extensive revision of the SEI codes
to permit better identification and tracking of subspecializations.

In the context of these various developments, the Air Force Manpower and
Personnel Center (AFMPC) classification branch received an unsolicited proposal
to conduct an occupational analysis of the behavioral scientist field. This
proposal was generated by members of the USAFOMC occupational analysis branch
who suggested that it be conducted on a part-time basis, since the total
utilization field population did not justify a normal priority occupational
survey project. AFMPC approved the request for the project, which had the
support of the 2675 Career Development Manager, and an AFPT control number
was issued to authorize the survey.

INVENTORY DEVELOPMENT

As a starting point in developing a task list for the 267X field, Air
Force personnel documents, such as AFR 36-1, Officer Specialty Descriptions,
were screened to identify basic duties and responsibilities of USAF behavioral
scientists. In addition, a set of special job descriptions for 267X officers
were recovered from AFH.RL files. In 1974-75, AFHRL had conducted a special
study of all officer AFSCs by collecting narrative job descriptions from a
representative sample of positions. Twenty-two behavioral scientist position
descriptions were located in this file and served as a foundation for preliminary
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1954 . .5. 1960 1961 1964 1967 1976
8696 -----. 2746 -~29F-~,2675A --- -

R&D OFFICER R&D HUMAN H.F.E. \
OFFICER PERFORMANCE.85 EN61NEER

HUMAN RESOURCES 2969E - 2675B (
STAFF ASSISTANT 8596 -- 7416 A EXPERIMENTAL EXP
8836 RESEARCH R.P. PSYCHOLOGIST 2675
HUMAN RESOURCES 2696F - 2675C / BEHAVIORAL
RESEARCH OFFICER PERSONNEL PERSk SCIENTIST

WEASUPEME.T MST
8816 PSYCHOLOGIST
HUMAN RESOURCES 2=45Z
STAFF OFFICER OTHER

2616 2616
STAFF STAFF
SCIENTIST 4 SCIENTIST

2955 - 2724
PERSONNEL ACQUISITION
SUBSYSTEM PROJECT OFCR
OFFICER

FIGURE 1. EVALUATION OF THE AIR FORCE BEP-AVIOPRL SCIENTIST UT TLIZATION FIELD

AFS 267X USAF JOB INVENTORY DUTY AREAS

DUTY 40ff R_ OF 1TAýS
A GENERAL COMMAND FUNCTIONS 17
B SUPERVISORY FUNCTIONS 42
C ADMINISTRATIVE FUNCTIONS 17
D GENERAL FUNCTIONS 22
E PROFESSIONAL DEVELOPMENT FUNCTIONS 14
F CONSULTANT FUNCTIONS 14

G LIASION FUNCTIONS 9
H CONTRACT MONITORING FUNCTIONS 12
I COUNSELING FUNCTIONS 12
J RESEARCH FUNCTIONS 22
K APPLICATIONS OF RESEARCH 20
L MANAGING RESEARCH OR APPLICATIONS PROGRAMS 14
M ORGANIZATIONAL IMPROVEMENT FUNCTIONS 11
N ACADEMIC INSTRUCTOR FUNCTIONS 16
0 HUMAN FACTOR ENGINEERING (HFE) FUNCTIONS 35
P PROMOTION TEST CONSTRUCTION FUNCTIONS 25
Q OCCUPATIONAL ANALYSIS FUNCTIONS 28
TFIGURE 'E . DUTr•Y ARPFS FOR TE:E AFS 267Y 7OB INENXTORY
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taak list developwrent. Similar blank forms were reproduced by USAFOMC and
mailed to about 30 behavioral sclautists to update position descriptions and
capture recently developed jobs. As the opportunit,- presented itself during TDY
visits for other purposes (in the normal occupational analysis program), the
authors interviewed over 30 behavioral scientists at Wright-Patterson APB,
IlSAF Academy, Lowry AFB, Keesler AFB, Norton AFH, Gunter AFS, and Randolph AFB.
Over one-third of the members of the specialty were contacted either by mail

or through personal interviews.

The wide geographical dispersion of jobs and the variety of one and two-
deep positions became very obvious during this phase of the project, as did
the dynamic nature of the utilization field. New jobs were being created and
old jobs deleted quite frequently during this period. A new Lt Colonel's
position was created at Gunter AFS to support human factors of computer systems
operations. A new 2675 position was created in Air Force Logistics Command

headquarters (Wright-Patterson AFB) to evaluate AFLC job enrichment programs.
Three or four positions for Captain human factors psychologists were switched
to civilian positions at Edwards AFB CA when no qualfied officers (with _lHFE
degrees or experience) could be identified for assignment. The last experimental
psychologist position (Armed Forces Radiological Research Institute, Bethesda

MD) was deleted upon the incumbent's reassignment. He was replaced by a
Veterinarian since no PhD-level experimental psychologist was available These
kinds of shifts in jobs made the development of a comprehensive occupational
survey instrument difficult.

Once this phase of the inventory development process was completed, a
relatively short task list containing 330 tasks grouped under 17 major duty
headings was tentutively developed. Because of the relatively small population
(about 140 officer positions) and diverse number of jobs, the task list was
written at a more general level of specificity than is normally the case. With
small fields such as this, only a few tasks per known job group will adequately
differentiate clusters and job types. Thus, a fairly long and detailed task
listing was deemed unnecessary.

The Job Inventory was organized functionally, with general duties listed
first and more specialized duties following. Duty A, General Command Functions,
contained 17 tasks (conduct Commander's Call, etc.) which might be performed
by organizational commanders. Duty B listed 42 tasks which most supervisors
would perform (Write Officer Efficienty Reports, etc.). Duties C and D outlined
Administrative and General Functions which might be performed by most officers,
and Duty E detailed Professional Development Functions both for officers in
general and for psychologists in particular. The remaining duties (F through Q)
related to specific tasks performed by members of some known behavioral science

job groups (counselors, researchers, technology applications, HFE, test
development, occupational analysis, etc.). These duty headings and the numter
of tasks for each are displayed in Figure 2.

A fairly extensive background sectioa was alsc included in the Job Inventory
ranging from personal identification, education level, academic specialization,
etc. to standard questions concerning job interest and satisfaction (See Figure
3). These types of data facilitate the identification of job groups during
analysis and permit a more detailed look at potential problem areas within
the utilization fieid. Such data may ,e displayed by 4rade, job type, or

organization to highlight differences in groups or to identify parcicular
jobs or areas where morale may be an issue. Finally, the Job Inventory also
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2675 BACKGROUND SECTION

'., IDETIFICATION:
,AME, SSAN, TEL. NO., DOB, SEX, GRADE, MAJOR COMMAND, ORGANIZATION,

.OB TITLE, AFIT SCHOOL ATTFNDED, AFSCs, TIME-IN JOB, TIME Id AFSC,

TAFtS, ENLISTED TIME, COMMISSIONED TIME, NO. SUPERVISED, SOURCE OF

CCMMISSION, ORGANIZATIONAL LEVEL, SHREDOUT, SE1

"II. EDUCATIONAL DATA OF POSITION

kiQUIREMENT OF POSITION, SHOULD REQUIRE, ACADEMIC SPECIALTY OF

POSITION, ADDITIONAL ACADEMIC CODE

III. JOB REQUIREMENTS

TDY, SUPERVISOR, TYPE OF POSITION, INTERACTIONS WITH VARIOUS

CATEGORIES AND LEVELS.

IV. EDUCATION QUALIFICATIONS OF INCUMBENT

DEGREE LEVEL, HOW EARNED, SPECIALIZATION, PROFESSIONAL ORGANIZATION, Ptf

V. JOB ATTITUDES

CAREER PLANS, ASPIRATIONS, ORGANIZATIONAL CLIMATE, JOB INTEREST AND

SATI SFACT ION

FIGURE 3. BACKGO'ND Sl.CTION FOR nt-F AFS 26!X JOB IE.,NTO_.y

ORGAN IZATIOPS REPPESENTED

NO.
SAP

AIR TRAINING COMMAND

HQ OCS P1.H. (6), TECHNICAL TRAINING HO & CENTERS (7,, AIR UNIV ([w.C/AWC-4),

AFIT STAFF & STUDENTS (5), AFROTC (3), USAF RECRUITING SERVICE ,'1), LSAFOWC (41) 6

AIR FOR._E SYSTEMS CO(WND

AFhP! (12), HO 13), US.FSAM (1), ESO (i), FTC (3), ASD (3), SAM.SO (2), AFAMRL (2),

AFWL (1), OTH•ER (3) 33

USAF ACADEMY

DOD AU'EC!ES (OAR, HP SCHOOL, ETC5
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ill• Ue 1 L :piL'Lcl W(tsctn 0on care:e-r assignnments in an experimental attempt

to determine possible careur progression patterns.

Ilhe final job inventory was then validated through comprehensive reviews by
senior behavioral scientists at ArNPC, AEHRL, and USAFOMC. In addition, the
AFMPC Careci Dewvlopment Manager also reviewed the in'entory.

FILJ,D ADM:"TS TION

The printed inventory was administered by direct mailing to organizations
which utilize 2617 officers, and to those individuals who were in remote locations
or one deep positions. Current membership of the utilization field was
determined by a roster furnished by the AF.:PC Career Development Manager. The
inventory was mailed to the field ii May and June 1981, with the request for
return NLT mid Julv. In July, follow up telephone calls were made with units
and individuals who had not vet responded. Survey administration was c~osed
in August,

Inventory booklets were received from a substantial cross section of the
agencies which Luse USAF behavioral scientists (see Figure 4). Air Training
Command has the nost behavioral scientists assigned in a variety of diverse
jobs; the technical training positions include Technology Applications off-cers
at the five ATC Technical Training Centers. Air Force Systems Command is the
second largest user including many one or two-deep Human Factors and research
positions. These include the USAF School of Aerospace Medicine, Electronic
Systems Division, Flight Test Center, Aeronautical Systems Division, and
others. A few positions exist with DOD and the operational commands. In most
cases, inlumbelu,ý held either the 2671, entry level AFSC or 2675 (fully
qualified). To insure a complete picture, a small sample of members of other
specialties were also asked to participate. These included a small number of
Colonels (who cannot hold the 2675) who progressed from behavioral science
assignments. tWhe.re members of other specialties worked side by side with
behavioral scientists, they were also surveyed. This included Education and
Training Officers, Instructors, and Staff Scientists. In one case, a Senior
Master Sergeoant was also included, since he performed the same job as some
2675 officersý.

C;enerallv, the samphe is very representative of the utilization field,
with about 80 perccnt of all 262X officers included in the study (see Figure
5). A few jobs .11 some, 1ocations are not included for a variety of reasons.
Several individuawl. who were retiring or leaving the USAF declined to

-participate. In one case at AFHRL at Williams AFB, all three job incumbents
were cither leaving scrvice or had already departed for reassignment, and
replacenneut officers were not yet in place. While exclusion of these members
coUld lead to some cample bias, the amount of bias is considered to be
minimal since 8O percent of the' field is captured in the final sample.

PRELIMINARY lIS]']FEd

S inc. :;1n V.-is a ttie surve', datn has IIust begun this month, it is
¾.c p se.:•til " t. p c-lou:Lq e ••toiled findings in 'his paper. However. since there
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SAMPLE DISTR'BUT!-N -GRADIE BY DUTY AFSC

AFS2 21PJ Cb ri TAL

2671 0 14 8 13 2 2 0 39

2675 0 2 16 29 22 5 0 74

261X 0 0 0 1 0 2 0 3

0940 0 0 0 2 2 2 0 6

OTHER* 0 1 0 4 1 2 3 11

73200 1 0 0 0 0 0 0 1

TOTAL 1 17 24 49 27 13 3 134

*INCLUDES 0026, 0076, 7516, 7524, ETC,

FIGURE 5. GRADE DISTRIBUTION OF RESPONDENTS

SAMPLE PERCEPTIONS_01FORGAN IZATIONALCLMATE

(PERCENT RESPONDING)

0-1/-2 03 4 o-5 Q&
DISSATISFIED 45.3 34.7 20.6 35,7 0

NEUTRAL 14.3 0 3.4 0 0

SATISFIED 40.4 65.3 75.9 64.3 100

FIGURE 6. PERCEPTIONS OF ORGANIZ,',TIONAI. CLPIATE
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are several high interest items, such cis job satisfaction and career plans,
which can be easily addressed at this time, some preliminary results are
presented for These areas. In addition, a brief overview of the job qtructure

will be discussed.

Figure 6 displays the perceptions of behavioral scientists in various
grades of the organizational climate of their unit. As you will note,

there appear to be some substantial differences among the grade groups, with
Lts being generally less satisfied than other groups. This is perhaps not a
startling conclusion; however, we also see basically the same pattern when
we examine responses to the question on job interest (see Fig. 7). Again,
the extreme responses seem to be in the Lts and Colonel groups. A slightly
different pattern was noted for the question as to how the job utilizes ones
talents (see Fig. 8). Here, Majors seem to be most satisfied, with the Lts
again having a greater proportion of dissatisfied individuals.

When we asked what sense of accomplishment behavioral scientists received
from their jobs, the pattern was similar to earlier questions (see Fig. 9).
Again, this is hardly a surprising finding, since the Lts group contains some
individuals who may not choose a full military career. We hope to be able to
develop a comparative data base from another officer study, the Professional
Military Education project (Barucky 1980), to compare behavioral scientists

with the Air Force population at large. Those results will be presented at
a later time.

Figure 10 displays career plans by maj.,r organizitional unit. As you

can see from this data, a majority of the individuals in Air University
and the USAF Academy plan to remain in behaviorai science careers, while

a substantially lower percentage of officers assigned to Air Training Command
have similar plans. This may be a function of the larger population in ATC
(N=67), with a higher proportion of very junior officers. This is the kind
of question we will be examining in detail as we get further into the analysis
of these data.

One of the major objectives of this study was to identify the major types

of jobs which exist in the utilization field. We were able to use a new
experimental CODAP routine called CORSET, which Mr. Bill Phalen and Mr. Johnny
Weissmuller are reporting in another session of this conference (Phalen &

Weismuller 1981). This program permits a very quick analysis of the tasks which
discriminate the various groups formed in the hierarachical clustering process

to establish which are significant groups. Using this new technique, we were
able to collapse the 38 starter groups on our diagram (W=2) into 25 job types
which clustered into seven major clusters. These include: Research Programs

Officers (35% of the sample); Functional Unit Supervisors (10%); Academic
Instructors-Counselors (10%); Junior Task Scientists and Students (9%); Occupational
Analysts (15%); Human Factors Engineering Researchers (7%); and Test Development
Psychologists (12%). These major types of jobs include 98% of the sample. The
remaining individuals were filling a number of one-deep, unique positions.

Each of the major clusters is composed of more discrete job types, which
represent variations of tasks. For example, the Research Program Officers cluster
includes the following groups: Personnel Research Program Managers, Technology

Application Researchers, Technology Applications Staff Officers, Plans Staff
Officers, Senior Academic Staff Officers, Contract Monitors, Test Development
Research, MPC Attitude Researchers, and Air War College Evaluation research. As
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HOW DO YOU FIND YOURJOB?

(PERCENT RESPONDING)

LS CAT MAJ L.C CDL

DULL 21.4 8.1 20.6 0 0

so-so 7.1 4.1 0 7,1 0

INTERESTING 71.5 87,8 79.4 92.9 100

FIGURE 7. PERCEPTIONS OF JOB INTEREST

HOW DOES YOUR JOB UTILIZE YOUR TALENTS?

(PERCENT RESPONDING)

LTS CAPT MAJ LTC COL

NOT AT ALL OR VERY LITTLE 31.0 16.3 10.3 0 0

FAIRLY WELL TO VERY WELL 57.1 51.0 41.3 57.1 66.7

EXCELLENTLY TO PERFECTLY 11.9 32.7 48.3 42.9 33.3

FIGURE 8. PERCEPTIONS OF JOE USE OF TALENTS
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SENSE OF ACCOMPLISHMENT FROM YOUR JOB?

(PERCENT RESPONDING)

LTS CAPT MAJ LTC COL

DISSATISFIED 26.1 14.3 13.7 7.1 0

NEUTRAL 2.4 2,0 6.9 7.1 0

SATISFIED 11.5 83.7 79,3 85.7 100

FIGURE 9. PERCEPTIONS OF ACCOtPLISPMENT FROM JOB

CAREER PLANS?
(PERCENT RESPONDING)

USAFA AFSC ATC AU HQ USAF

STAY IN 2675 54.5 41.9 28.4 75.0 0

STAY IN 26XX 18.2 12.9 19.4 0 33,3

CROSS TRAIN 0 19.4 19.4 0 0

UNDECIDED 4.5 16.1 17.9 0 0

SEPARATE BEFORE RETIREMENT 4.5 0 4.5 0 0

RATED SUPPLEMENT - CAREER BROADENING 18.2 6.5 3.0 0 33.3

OTHER PLANS 0 6.5 4.5 25,0 33.3

FIGURE 10. SIU-•L\RY OF CAREER PLANS OF AFS 267X OFFICERS
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might be surmised from the various titles, each group appears to specialize in
research activities involving a different organizational mission or program and
perform a slightly different set of specific tasks.

The Academic Instructor-Counselor cluster is composed of the following
groups: USAF Academy Instructors; USAFA Instructor-Counselors; AFROTC
Instructor-Counselors; and Other Instructors. As these names imply, some
USAFA faculty members perform primarily as classroom teachers (another group
identified in the first major cluster perform both classroom instruction and
conduct research projects). A separate group both instructs and serves as
counselors. This group includes individuals assigned to the Cadet Counseling
Center, which is now part of the Department of Behavioral Science and Leadership.
Their "core" tasks suggest that they are being used both as counselors and as
classroom instructors. Interestingly, the AFROTC instructors included in this
study are more similar to the USAFA Instructor-Counselors than to the Instructor
group. Their "core" tasks reflect considerable personal counseling outside of
the classroom. The Other Instructor group includes several unique, one-of-a-kind
faculty positions, such as the DOD Human Relations lnsziture at Patrick AFB,
FL. The group of other instructors seem to group together by their shared
instructing, counseling, and course development tasks.

Most of the other major job groups involved highly specialized functional
programs. In the Occupational Analysts group, there were three distinct job
types which included Airman Analysis (OMYO), Inventory Development (OMYV), and
Management Applications and Officer Analysis (OMYA) personnel, thus replicating
"the formal sections of our branch (some section chiefs grouped in the supervisor
job group). Interestingly, the present USAF-Royal Australian Air Force Exchange
officer grouped with OMYA analysts, even though the incumbent has never been
assigned to the USAFOMC. This is very realistic since we know that he both does
inventory development and data analysis as do the members of OMYA. One member
of the Canadian Armed Forces occupational analysis program also appeared in the
job group (he completed the survey in place of the newly assigned USAF-Canadian
Forces exchange officer who reported for duty in July). These groupings were
particularly satisfying since they give some excernal validity to our survey
results.

The Human Factors Engineering Researchers formed a very discrete job group
with very little overlap with other groups (although their supervisors and staff
personnel did appear in the first cluster). Members of this group represent very
different organizations including ASD, ESD, the Flight Test Center, and others.
Their "core" tasks reflect a concentration of 6.3 and 6.4 development efforts
not shared by any other group.

Finally, the WAPS Test Development Psychologists assigned to the USAFOMC
have very distinct jobs. Two job types within this cluster include test
development psyhcologists and test review psychologists. Their jobs focus on
procedures for developing promotion Specialty Knowledge Tests and the quality
control of such tests.

It is not possible in this brief, preliminary report to examine these job
groups in any great detail. A more complete report of the occupational analysis
project is to be published next spring, end we hope to be able to give a more
detailed repurL at a later date (perhaps the Psychology in the DOD Symposium
at the USAF Academy in April, or some other forum).
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It is possible, however, to conclude from the preliminary results of this
occupational analysis that the behavioral scientist is a very diverse utilization
field. A quick look at job perceptions of incumbents suggests that there may be
some problems, particularly among the more junior officers, and that these
problems may vary by major command or organization. We are hoping that this
occupational analysis may help solve some of the problems through better
identification of jobs and highlighting potential areas requiring action. Before
such results can be achieved, a considerable amount of further analysis is
required.
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fPerformance and Skill Level Requirements for Fire Support Teams

_ -Thls research developed a Task Data Base for Fire Support Teams
(FIST) and identified 48 tasks, grouped them into six functional areas,
classified them as either procedural or semi-structured, and ranked
them according to criteria of criticality and performance. The FIST
Task Data Inventory resulted from the task analyses and integration of

' task descriptions and information obtained from questionnaires, inter-

views, and observations administered at three COOTUS and four USAREUR
divisions. Statistical analyses of the data indicated that (I) criti-

cality and performance were negatively correlated, (2) procedural tasks
were the least critical and best performed, (3) semi-structured tasks

were the most critical and poorest performed, (41 task difficulty was
the principal factor in ratings of criticality, and (5) traditional
tasks were performed better than non-traditional tasks. The results of
these analyses, and the utilization of the FIST Task Data Inventory,
are discussed in terms of personnel and training assessments, simu-
lation and training device recommendations, task analyses methodo-
logies, and selection criteria.
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PERFORMANCE AND SKILL REQUIREMENTS FOR
FIRE SUPPORT TEAMS

J.A. Modrick, T.A. Plocher, J.D. Hutcheson

Systems and Research Center
Honeywell Inc.

Minneapolis, Minnesota

R.M. Chambers

Amy Research Institute
Alexandria, Virginia

The purpose of this research was to examine the needs and problems in
manpower and training which have arisen during implementation of the Fire
Support Team (FIST). The work was performed under Contract No. MDA903-99-C-
9669 with the Amy Research Institute, November 1, 1979, to March 30, 1981.

The FIST is a new entity which replaces the traditional forward observer
by a team which is intended to provide wider coverage, greater mobility, and
effective integration of improved munitions. The FIST consists of forward
observer parties deployed with platoons to provide flexibility, mobility, and
range, and a headquarters element at the company command post to provide inte-
gration, coordination, planning, and responsibility for the company's scheme
of maneuver.

FISTs have been formed by training new personnel, by reclassification,
and by assignment t, the field. This process required reorganization and new
development of training at both resident school and unit. J
OBJECTIVES AND APPROACH

There were three objectives of study: 1) Specify the performance and
skill level requirements for personnel assigned to FISTs; 2) Determine the
degree to which performance and skill level requirements are being met, and
identify the shortfalls which exist in manning, organization, equipment, and
training of FISTs in the field; and 3) Project the probable impact that future
field artillery systems will have on the performance and skill requirements
for FIST.

The approach consisted of five tasks: 1) Develop a task data base for
FIST; 2) Collect interview and questionnaire data from fire support personnel
in fielded units in CONUS and USAREUR; 3) Analyze interview and questionnaire
data for problems or deficiencies in performance, and training needs and
contributing factors; 4) Estimate the effect of future weapon systems on job
task and training requirements for FIST; and 5) Summarize FIST training and
performance deficiencies, and make recommendations to correct them.
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DEVELOPMENT OF A TASK DATA BASE FOR FIST

A Task Data Base was compiled by integrating several sources; no single
source provided an adequate list of tasks or adequate task data. It was
necessary also to supplement this information by interviews with experts and
by analysis. The printed sources of task-descriptive information were:
Soldiers' Manuals FM6-13F 1/2 and 3; ARTEP 6-365 FA Battalion, 155mn DS;
ARTEP 6-105 Battalion, 105mm DS; Training Circular 6-20-10 FIST, Task Analysis
13F, Directorate of Course Development DCRDT; Task Analysis, Close-Support
Study Group II; Training Text 6-20-7, FIST/FAC Operations; and Weapon F stems
Training Effectiveness Analysis - Forward Observer. The resulting list of
tasks provided a comprehensive inventory of job tasks. It constituted a data
base which was used to structure interviews, performance analyses, and train-
ing analyses in the later phases of the study.

The data on each task was summarized on a task description worksheet
which contained the following categories of information: task number; duty
(major functional area) to which the task belongs; task description; task
assignment to positions within FIST, as indicated or implied by doctrine and
as implemented in current field practice; task criticality rank and narrative
evaluation of task criticality; references for task information; and listing
of component subtasks, if applicable, and references to the source of subtask
descriptions. These data were obtained by analysis of responses to a ques-
tionnaire and interviews. Functional flow diagrams were also prepared for
nonprocedural, semi-structural tasks, or a set of related tasks, which were
not amenable to description by a fixed sequence of subtasks or steps.

COLLECTION OF INTERVIEW AND QUESTIONNAIRE DATA

Questionnaires were administered and interviews conducted among personnel
of FIST units in the field, related fire support organizations, and commanders
of maneuver units. The purpose of the questionnaire was to obtain information
on the military occupational specialty (MOS) background of FIST personnel,
nature of a company commander's experience with the FIST, and ratings of tasks
on criticality and quality of performance by the FIST. The purpose of the
interview was to obtain less easily structured information such as factors and
considerations influencing a respondent's ratings and perceptions of the ade-
quacy of training.

The questionnaire consisted of Background and Task Inventory sections.
Different forms were used for FIST personnel and the company commander. For
FIST participants it consisted of length of service, MOS, and military train-
ing history; for ccmpany commanders it consisted of the nature of their expo-
sure to FIST concept prior to assuming a company command. The Task Inventory
section was designed to obtain evaluations of each FIST task on five attri-
butes: Task Assignment, in terms of the FIST member responsible for the task;
Performance Rating from combat-ready to totally inadequate; and Tast Critical-
ity based on three estimates. They were: Task Difficulty (not difficult to
extremely difficult); Consequences of Inadequate Performance (catastrophic to
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none); and Detectability of Error (undetectable to immediately detectable by
the person committing the error). Criticality was not intended to reflect
importance of a task but properties of tasks that are significant in deter-
mining priorities for training.

Only FIST Chiefs made evaluations on all five scales. FIST enlisted
personnel responded to Task Assignment with a Yes or No to indicate whether
they had performed that task in their assigned job and rated task difficulty;
company commanders rated only performance and consequences of inadequate
performance.

Interviews were conducted in three divisions in the continental U.S. and
three in Europe. Questionnaires were administered to 86 and 137 persons in
the U.S. and Europe, respectively; interviews were conducted with 67 and 94
persons. An interview protocol was prepared for each category of respondent
to be used as a checklist of coverage to guide the interview. A primary con-
cern was to allow the respondent latitude in his responses and comments and
permit the interviewer freedom to follow up and elaborate on ratinas and
comments.

The results are organized into Task Data, Training, Personnel, and

Organizationei Factors.

FIST TASK CATP BASE

The information fror,; the printed sources was combined with task data
obtained by analysis of responses to the questionnaires and interviews. Forty-
eight tasks were identifiE' and grouped into six functional areas or duties.
The functional areas and nomber of tasks in each are: I. Plan fires to
support maneuver unit operations (9); Ii. Prepare/maintain/disseminate fire
support information (6); II1. Manage fire support communication system (5);
IV. Manage use of fire support assets at maneuver unit level (3); V. Ac-
quire targets of opportunity (4); and VI. Request/adjust fires (21). In-
formation flow diagrams were prepared for some tasks and sets of tasks to
depict the interdependencies among the tasks. They can be used as a basis to
plan and operate simulations and training exercises for the purpose of inte-
grating the component activities into an effective operation.

A set of basic skills too molecular to be components of tasks emerged as
tasks were analyzed in greater detail. They are basic skills of fire support
and are coatnon prerequisites to mastering several tasks representing entry-
level skills. The skills were grouped into the following six categories:
Basic Forward Observer Procedures; Intelligence Reporting; Basic Map Reading;
nasic Radio Procedures; Maintenance; and Basic Fire Svpport Procedures.

The tasks were also classified as procedural and semi-structured.
Procedural tasks have a fixed sequence of steps or operations, initiating
conditions and contingencies are known, standards of performance are known in
the form of one correct response or outcome. They occur in established situ-
ations. Semi-structured tasks have a sequence of steps or operations which

i . . .



varies depending on outcome of prior step, initiating events and conditions
vary with situations, standards of performance are not known or determined,
and multiplicity o appropriate responses exists. They occur in emergent
situations. Current training technology is oriented predominantly toward
procedural tasks while semi-strucLured tasks are new to the fire support com-
munity. They involve planning, coordination, and integration of fire support.

Mean performance and criticality ratings were computed for each task and
the tasks were put in rank order. The ratings of the three criticality scales
were combined to provide a single composite index of criticality. The rela-
tionship between the rank order of performance and criticality was estimated
by Spearman Rho and found to be -0.67. Perceived level of performance de-
clines as the tasks increase in criticality.

The tasks were divided into thirds on each dimension. The most critical
and poorest performance (MC/PP) third and the least critical and best perform-
ed (LC/BP) third of the tasks were analyzed. The LC/BP tasks are procedural
with one exception. The MC/PP tasks are semi-structured and procedural tasks
on which FIST personnel get little practice or experience such as Request/
Direct Close Air Support.

Task difficulty is the major factor of the criticality ratings. The
partial correlation between performance ratings and task difficulty is 0.74
(p < 0.001) controlling for the covariance with consequences of inadequate
performance and detectability of errors. Comparable partial correlations of
performance ratings with consequences and detectability of errors are 0.03
and -0.33 (p < 0.05) respectively. The tasks for which errors are more
detectable are performed better.

The correlation between the criticality dimensions indicate independence
among these dimensions. They are: task difficulty/detectability (-0.22);
task difficulty/consequences of inadequate performance (0.30, p < 0.05); and
detectability of errors/consequences of inadequate performance (-0.33).

TRAINING

Resident school training is viewed as good and unit training as poor.
Training courses provided at the Field Artillery School in Officer's Basic,
Cannon Battery Officers', Basic NCO, and Advanced Individual Training are good.
However, they focus largely on the procedural tasks; less proceduralized tasks
in planning, coordinating, and integrating fire support are not adequately
covered or exorcised, Unit training programs are not adequate in FIST par-
ticipation in field exercises for maneuver units, unit training for FIST, and
reclassification training.

The characterization of unit training provided by the survey is repre-
sented in the following responses. Seventy-three percent of enlisted re-
spondents in COQNUS and USAREUR reported that MOS unit training is not
sufficient to become proficient at one's job and skill level. Over half the
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respondents cited training shortfalls as a major source of performance defi-
ciency. An average of 9-2 hours/week of scheduled training activity while in
garrison was reported by 60% of USAREUR respondents; CONUS observations were
similar. Deviations took the form of "crash cou;'ses" prior to SQT and ARTEP
times. Seventy percent of CONUS/USAREUR reclassified respondents reported no
transition in unit other than OJT.

The training methods reported as currently used to train in support
planning consist of: the FTX (Field Training Exercise), consisting of ARTEP,
REALTRAIN, and GDP Areas Ualks; the CPX (Command Post Exercise) consisting of
CA.¶MS, Battle of Eiterfeld. and Dunn Kempf; and classroom lectures. The
typical USAREUR annual FTX training consists of supporting one battalion
ARTEP, one three-week REALTRAIN exercise at hahenfel MTA, and one/two GDP
terrain walks. Factors limiting the value of the FTX in USAREUR are the
severe constraints on field maneuver, physical separation of units up to
100 KM, no feedback on effect of fire support planning, unrealistic repre-
sentation of time constraints and availability of assets and nonrepreseeatation
of multiple information sources.

The value of the CPX for FIST is compromised by limitations of the simu-
lation. Fire support planning is infrequently exercised. CAMMS is the most
commonly used but the company level and FIST are not exercised in CAIIS. The
Dunn Kempf game, a company level simulation, provides training for FIST HQ And
the F3 team, but with mixed results. It has questionable validity of weapons
effects and requires excessive time to learn rules and to prepare/set up/run.
The Battle of Eiterfeld designed in December 1979 to meet FIST needs has not
yet reacheo the field units.

One good programn exists in 8th Infantry DIVARTY. It is . three-phased
program progressing from classroom instruction through CPXs to a combined arms
exercise in live firing. The phases are: 1) Four concentrated hours of class
on fundamentals of fire support planning; 2) Three series of Dunn Kempf gaming
exercises played; and 3) Combined arms live fire exercise and cvaluation.

The principal conclusions concerning unit training is that the FIST needs
a separate exercise capability designed to meet its training needs which can
be used to provide frequent training experiences. It also needs the re-
sources and autonomy to manage its own training and development of its
personnel.

PERSONNEL

A summary of FIST personnel factors is: FISTS in the field are under-
staffed or staffed with underqualified personnel in numbers, grade levels,
training, and experience; there is a petential problem of retention; and
personnel authorizations may not be adequate in cxperience and depth to sus-
tain prolonged performance.
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"Manpower shortfalls exist in both enlisted and officer ranks. Enlisted
ranks are operating at 65%. of authorized strength ranging from 38W to 86!.
The E7 grade showed the most m.arked shortfall. Officer ranks are operating
at 6U" of auLhorized strength, ranging from 46,%. to 93-. The Brigade FSO
position is rar,.ly filled by an 04 grade; the 03 grade was only slightly more
common in ,he Battalion FSO positions. The pool cf FIST lieutenants was sig-
nificantly understrength. FIST personnel are routinely forced to perform in
job positions intended for higher grade/rank and more experience. FISTs are
routine'y ;er.t to the field with less than a complete crew in number, OS
qualification, and grade/rank.

There is a credibility problem for the FIST in many units. Many company
commanders do not value FIST or know how to use it, and do not treat it as
part of the coummand team. A similar gap exists at the level of FO tearrk and
platoon leader. Since deployed FISTs are only a partial implementation of the
doctrinal codcept and company commanders routinely see reclassified E5s/E6s as
FIST chiefs. limited use of the FIST chief as fire support coordinator is
safer course.

Most reclassified FISTs come From MOS related primarily to fcrward ob-
server positions. Few reclassified FIST members have had reclassitication
training. Thirty-seven percent of the Fl-E5 personnel reported lack of
expert'se among 1SF NCOs as a major impedimeit to training.

Conmon sources of dissatisfaction in MOS 13F are that they routinely work
in a "shortage" environment and are required to perform in jcbs for which they
have no t quahified. Further, capable, undergrade FIST perso.,,el often express
frustration at being underutilized and unappreciated. TK• fieid artillery
battalio;n is still focused on guns and the fire directior center. Career and
training needs of the 13F specialists are often sub',rdinated tG priorities of
firing batteries.

ORGAN !ZATIONAL FACTORS

There are needs for greater self-sufficiency for FIST in managing its own,
training, resources, and personnel, and to emphasize a forward-looking rather
than reactive role in the management and integration function of FIST. There
is doubt that the present FIST implementation provides sufficient resilience
and flexibility for operation under emergency or degraded conditions.

Eighty percent of FIST officers and enlisted resz:ondents in USAREUR and
90% in CONUS expressed oissatisfactton with current FIST utilization. Per-
ceived misuse of the fire support sEct'on within battalion often was cited as
a majcr impedimert Lo training. The tundamental problems faced by fielded
units are efiective integration into the battallon organization, lack of an
MOS-exper4-iiced 13F NCO pool, and lack of time due to excessive support de-
tails. Eighty percent of FIST reported this misuse of the FIST as a serious
factor. Three alternatives proposed to organizing the FIST were: attach 3ll
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SIiS personnel tco the firing battery; attach some or all FIST lieutenants to
the firing batteries with FIST enlisted personnel remaining in the HQ battery;
and consolidate all FIST officers and enlisted personnel in HQ battery under
the Briqade FSO.

IMPACT OF FUTURE SYSTEMS ON THE FIST SUPPORT TEAM

A summary of the implications of future systems for FIST training must
empha-.;ize the following points. There will be an increased complexity of
HQ tasks in fire support planning, management of fire support resources, and
support to scheme of maneuver. They are the semi-structured tasks which are
the less well trained tasks at the present time. They are the more difficult
to train and require "hands-on" exercises as a necessary method. Training
will require greater use of simulation, modeling, and ,:ar gaming in training
devices and programs. These methods are costly and not mature technologi-
cally. Future systems will have a lesser effect on the functions of the
forward observer.

Recommendations for research and development were made in three areas:
Need for more knowledge and better understanding of FIST as a team, its per-
formance, and the workload imposed by various combat scenarios; need For
improved training materials and delivery systems; and improved retention in
the 13F MOS.
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